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INTRODUCTION 



Cooq)arisans of the instructional effectiveness of color 
(chromatic) and black and white (achromatic) versions of pictorial 
materials in school learning contexts have not yielded consistent 
results* This fact has led persons reviewing research on instruct- 
ional use of color to suggest that the effect of color cues was 
frequently obscured by failure to control adequately the relevance 
of color cues (Miller, 19575 Hoban, I960; Lumsdaine, I96U; Travers, 
196U). 



Cue relevance may be defined in terns of a correlation over 
trials between the presentation of a given stimulus cue and the 
reinforcement of a particular response* When so defined the pre- 
sentation of relevant color cues as one component of a compound 
s tim u lu s which includes multiple relevant conq)anents has been found 
to facilitate acquisition in tasks such as concept identification 
(Bourns & Restle, 1959) and paired-associate learning (Weiss & 
Ibrgollus, 195U)« However, in many instructional contexts, such 
as the acquiring of distinctive labeling responses to n'ornbers,* 
letters, maps and other shcq)e objects which are initial 3 y color 
coded, color cuss are relevant during acquisition but are not 
present on retention trials* It has been ge^ rally f 012nd that the 
addition of strong relevant color cues during acquisition tirials 
only, has had an interfering effect upon per^onnance in a transfer 
task in which these cues were absent when cooq>ar«d with transfer 
task performance following acquisition training in the absence of 
relevant cdlor cues* This interfering effect has been shom to 
vary as a function of relative meaningfulness (Underwood, 1963), 
formal similari.ty (Cohen & Masgrave, 1966) orienting task (Mechanic, 
1962) and incentive instructions (Bahrfck, 195U) associated with 
the color and shape components respectively* These findings of 
interference are also generally consistent with the limited infonia— 
tion processing model of Broadbent as appHed to predicted inter- 
ference associated with visual embellishments ay Travers (I96U)* 

Two procedures, however, seem to result in a decrease if 
not a reversal of the interfering cue competition phei omenon* 

IMder appropriate orienting task instructions both elements of a 
compound stimulus have been conditioned with no evidence of com^ 
petitive interference (Mechanic, 1962)* In addition appreprfate 
instructions have been shown to increase tiie probabili*^ of form- 
ing mediating chains which have the effect of both facilitating 
acquisition and transfer performance (Jenkins, 1963)* It would 
seem that the effect, negative or positive, of supplementary color 
cues upon acquiiTing responses to associated shape cues may be a 
function of instructional stimuli and subsequent implicit or overt 
practice behavior of S* 



Supplementary color cues are most frequently found in 
materials prepared for children. However, most of the evidence, 
regarding the facilitating effect of instructions upon condition- 
ing eluents of compoimd stimuli has been obtained with adult Ss. 
There is some evidence that characteristics of adult behavior with 
respect to effects of ristructLonal stimuli can not be readiJv 
ge^r^zed to children. For ejcample, Kausler, Laughlin & Trapp, 
(1963) found that incentive instructions to children had a markedly 
different effect upon the conditioning of incidental stimuli from 
that reported by Bahrick (1958) in a similar experiment with adult 
Ss. Tasks in which adult S^s routinely seem to employ implicit 
mediational responses were performed by children in ways that have 
not suggested such mediational behavior (Suppes & Ginsberg, 1961* 
Handler & Kmdler, 1959; Bruner, 1966; Osier & Trautman, 1961). 

Thus if mediational responses are required to Insure facilitating 
effects of supplementary relevant cues, and if these responses are 
relatively unavailable to children, it would follow that the addition 

of such supplementary cues to stimulus displays would not facilitate 
learning by children. 

It was the purpose of the following experiments to investi- 
gate the effects on the behavior of children in a shape lahoi-ing 
task, of varying the relevance of supplementary color cues and the 
nature of the orienting instructions and tasks. 



experiment I 



When presented wiiii a coD^}ound stimulus consisting of a 
highly m ea n i n gful and relevant color conqponent and a trigram of 
low rated meaningfulness, adult Ss readily conditioned responses 
to the color co^onent while evidencing no concurrent conditioning 
to the tngram (Underwood, Ham & Ekstrand, 1962). It was argued 
that cue selection had interfered with the conditioning of the 
tng^ alme. If, however, cues were conditioned in a more direct 
lashion without biased cue selection behavior such that both color 
cues and trigram were conditioned there would not be a basis for 
interference in acquiring the trigram. There is sone evidence that 
children do tend to condition cues in a relatively non-selective 
way. The Osier & Trautman (1961) and Kausler, et. al. (1963) have 
both interpreted their findings in a way that would“suggest that 
cue selection behavior may be less evident in children than in 

21012.1 tiS • 

It was tee purpose of the present study to examine further 
the cue selection phenomenon by extending the investigation to 
chudren. In the first e3q)eriment the relevance of the incidental 
color component in coiq)ound shape and color stimuU was varied 
independently in both acquisition and transfer trials. 



ERIC 



2 



I 



Mathod 






Egypt Bulgaria Poland 



Construction of s t i mu li and apparatus ; Six shapes were con- 
structed by reducing the conpleSFy of contour detail and roughly 
equating the total area of six countries chosen for their relative 
siadiarily of shape and degree of unfamiliarity to fourth graders. 
The countnes were Bulgaria, Bquador, Poland, Romania, Surinam and 
Egypt. Directional orientation of the figures was determined 
arbitrarily to further reduce the probability of sny effects of 
previous learning* The resulting contour shapes are represented 
in Figo lo These modified map 
contoui^ were traced onto 
colored Prang construction paper 
so that each contour was repre- 
sented on red, yellow, violet, 
blue, dark green and light 
brown paper* The six colored 
versions of each map and the 
corresponding six printed 
country names were then separ- 
ately mounted on white mount- 
ing board and photographed 
with Kodachrome film. The 
resulting slides were then 
positioned in a Sarkes— 

Tarzian random access pro- 
jector which was equipped 
with an auxiliary timer set 
to yield trials consisting of 

a 3 sec. exposure of the projected map, 3 sec, anticipation interval. 
3 sec. exposure of the country name and a 3 sec. unfilled intertrial 
rval. The slides were projected on a 12 in* square rear— view 
screen positioned 30 in. directly in front of the seated S. The 
screen formed part of a visual barrier separating S from E and the 
expenmen^ apparatus. The screen image of the projected maps 
averaged 8 in. in height and width. ^ 






RoEsania Bquador Surinam 



Fig. 1. Shape components of 
stimulus figures with associated 
response terms. 



^^^3edures S was seated before the screen and told that he 
wouW leam to identify several countries. Complete instructions are 
In Appndix A . A printed card showing each of the country nanes 
was given to S, and he was asked to read the names from a card. 

^ reading error was corrected. S was instructed to say aloud 
tte n^ of each country during the anticipation interval. The 
SD^ shapes were presented in successive random permutations with 
the restriction that no shape was presented twice in succession. 



There were three independent training conditions. In the 
relev^t-redundmt (M) condition Egypt was red, Bulgaria green, 
Fol^d ^Uow, Romania blue, Bquador brown and Sur inam violet on 
each trial. In the irrelevant -independent (II) condition the 36 
possible shape -color combinations were assigned randomly to each 
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set of six trials with the above noted restriction on shap- permu- 
tations « In the irrelevant-redundant (IR) condition all con Lour 
maps were represented in red on all trials. See Appendix B for a 
more detailed summarj of the stimulus display. 

Training continued until S con5)leted two consecutive trials 
without an anticipation error. The eight Ss from each of the 
t^ree conditions of color relevance in training were randomly 
divided into two groups of four and assigned the two remaining 
color relevance conditions. Training continued without inter- 
ruption until the criterion of two errorless trials was again 
attained. This design resulted in six training-transfer combi- 
nations. 



Subjects ? Ss were 2h fourth grade students from a single 
classroom of the Indiana University Elementaiy School. Four Ss 
were assigned on a random basis to each of the six experimental 
conditions o 



Results and d^cussion • Errors were tabulated on train- 
ing trials and transfer trials separately (Appendix C). Means 
for each condition of color relevance on training and transfer 
are shown graphically in Fig. 2. Mean of errors on training 
trials for group trained with the 
RR condition was 20.25, the IR 
was 31®62 and with II was 55ol3* 

These means differed significant- 
ly, F(2,21)«U.3U, p<.05. The 
Newman-Keuls (Weiner, 1962) 
interval test indicated that 
while RR and IR did not differ 
significantly in training both 
RR and IR differed signifi= 
cantly from II^ p<.01. 

On the transfer tasks, 
the mean number of errors for 
the six training-transfer con- 
ditions differed significantly 
in errors on the transfer 
task, F(5,l8)»5ol8, p<.01. 

The mean number of errore 
during transfer for the RR-II 
group was significantly 
greater than for any of the 
other groups, Neuman-Keuls, 
p ^.01, while the other 
groups did not differ from 
each other significantly. 




Fig. 2. Mean errors on train- 
ing and transfer and combined 
training and transfer for three 
color relevant conditions. 

Exp. I. 



I 



Although the mean difference between the HR and IE groups 
did not reach significance during training, the analysis of the 
transfer results indicated a significant difference between the 
RR-II and all other transfer groups including the IR-II group* 

If responses were conditioned to the relevant color cues in the 
RR training condition, then interference with performance in the 
transfer task that included the noisy color cue condition of the 
II transfer condition would be e^qpected* If the RR training con- 
dition had been characterized by cue selection of the highly 
meaningful color cues with correspondingly decreased conditioning 
of the shape cues, then the RR-IR transfer condition would have 
been expected to be associated with an Increased error rate when 
coaroared with transfer performance following IR or II training. 
The failure to obtain such a difference between the RR-IR trans- 
fer condition and any of the other transfer conditions, except 
the RR-II condition, is not consistent with the prediction of 
cue selection affected by relative meaningfulness (Ikiderwood* 
196U). * 



Both training and transfer data lend support to the con- 
clusion that both shape and color cues were conditioned in the 
RR training condition, with no evidence of interference with the 
shape cue conditioning as a function of the accompanying color 
cue conditioning* While the supplementary relevant color cues 
present during training did not significantly facilitate or 
interfere with conditioning of shape cues during training trials, 
their effect became evident in transfer. When transfered to the 
noisy color condition (II), the group for which color had been 
previously relevant (RR) suffered an interfering effect; the 
group for which color had not been previously relevant (IR) 
continued to respond to the shape cLies and was functionally un- 
affected by the presence of irrelevant color cues in the trans- 
fer task* 



While supplementary color cues had demonstrable effects in 
this experiment during both training and transfer, there was no 
evidence of a facilitating effect on the acquisition of responses 
to the shape cues* The data seem most consistent with the 
assumption that associations were formed in a direct, non-mediated 
way between all relevant cues and reinforced responses* This 
finding is consistent with the assumption that younger children 
may make more direct associations while adults tend to employ more 
con?)lex mediational or symbolic procedures in learning tasks such 
as this* Another interpretation of the findings suggested by 
overtraining effect on conditions of compound stimuli reported by 
James & Greeno (1966) is that since the instructions mentioned 
maps and did not refer to color, that selection of shape cues 
occurred ^d that the relatively easily conditioned color cues 
were conditioned afterward during the two criterion or overtraining 
trials* Such a sequence of events would not result in reducing the 
training trials when compared with IR training and could result in 
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some relative interference when Ss were later confronted with the 
II set of stiimilio Ins true tions^alsr ting S to the potential 
facilitating function of the caLor component may increase the 
possibility that if color components are conditioned rapidly they 
might serve as pron?)ting or mediating stimuli and thus facilitate 
the conditioning of the shape conqponento Such a procedure would 
provide a basis for facilitation of shape condition by adding 
supplementary relevant color cues* Facilitation would be expected 
both during training and transfer to a shape-only condition* In 
a variety of tasks involving children, instructions (Osier & Weiss, 
1962 ) and equivalent practice procedures (Suppes & Gins berg, 1961; 
Olsen, 1966) have had effects interpreted as indicating an increase 
in the frequency of complex mediational behavior in cor?5)arison to 
the more direct association process apparent in uninstructed groups* 



EXPERIMENT II 



It was the purpose of the second experiment to determine 
the effects of instructions regarding the relevance of supplement- 
ary color under conditions that differed with respect to the 
form^ relevance of color in training and transfer* Responses 
required during practice were also varied with respect to the 
probability of vocally emitting mediational responses* 

I^ocedure s S^s were 72 fourth grade students from Indiana 
University Elementary School and were assigned rand only to each 
of the twelve practice conditions in a 3 x 2 x 2 factorial design 
such that there were six Ss in each group. The three conditions 
of coloi' relevance were relevant redundant (HR), independent 
r dundant (IR) and irrelevant independent (II) and were defined 
with the same set of stimuli used in Experiment I* The two 
instructional conditions differed in that the observe-color (0) 
group was instructed that '*c :>r may help you remember the letter 

that goes with each map", and the ignore-color group (I) was 
instructed that the label for each map should be learned "without 
depending upon the co?or of the maps"* The third factor was the 
behavior required during practice* One g-oup (R) was instructed 
to repeat vocally the initial letter of the country name at 
approximately 1 sec* intervals during the presaitation of the map 
stimulus* The other group (S) was instructed to state voc^Jy 
during the presentation of the map stimulus "arything that helps 
you remember which letter goes with the map"* (Complete instruct- 
ions are presented in Appendix D) 

The stimulus materials were the same as those used in 
Experiment I except that the Egypt stimulus was reserved for use 
as a sample stimulus presented only during instructions* Miltiple 
copies of the five remaining map slides and associated name slides 






^ Kodak Carousel projector in random permutations 
of the five pairs of maps and names. The country names were printed 
on a card that was taped to the desk top where S sat^ and was in- 
structed that these were the names of the countiies he was to learn 
to identify, but that he needed only to say the initial letter of 
the country name during the experiment. 

During practice trials the projected name of a country was 
presented for 1 sec. followed by a 10 sec. presentation of a pro- 
jected map. During the map presentation interval the R and S 
groups practiced as ^structed. Following the completion of each 
practice trial, consisting of a serial presentation of the five 
Jiame and map pairs, a test trial occurred, consisting of a presen- 
tation of each map for an S controlled interval of up to 10 sec. 
that was terminated whfsn he uttered one of the initial letters. 

No information feedback occurred on test trials. 

•^^^®i'n3.ting practice and test trials continued until a 
criterion of two errorless test trials was reached. When the 
first criterion of two errorless trials was attained, either the 
same or one of the other two sets of stimulus slides defining one 
of the three conditions of color relevance was substituted for the 
training stimulus set, and training continued without further 

instructions until two consecutive errorless trials was again 
attained. 



Verbatum practice and test responses were recorded by E. 
Ss were assigned randomly with the restriction that there be an 
equ^ number in each of the thirty-six cells resulting from com- 
bin^ orthogonally the 3 x 2 x 2 training design with the three 
conditions of color relevance (RR, IR, II) introduced in the 
transfer task. 



Method and Discussion 

Errors were totaled for both training and transfer tasks 
separately (Appendix E), and an analysis of variance of training, 
transfer and combined training and transfer errors was completed 
(Appendix F). The mean number of errors associated with the RR 
condition was 8.96 which was well below the mean of 21.33 errors 
for IR and 23.01; for II. These means differed significantly. 



TABLE lo MEANS AND SD»S OF TOTAL ERRORS FOR EACH COMBINATION OF 
COLOR RELEVANCE^ INSTRUCTIONAL COLOR REFERENCE AND PRACTICE 
CONDITION, EXPERIMENT II 




P<o01o The Neuman-Keuls interval test indicated 
that^ the substantially lower error rate associated with the RR 
condition differed significantly from those of the IR and II con- 
diti^^ p<o01o Although the IR and II conditions did not differ 
significantly with respect to mean er 2 'ors, a significant inter- 
action between color relevance and instructions regarding color 
was obtaijiedp F(lp60)*5«19, P<o05, which must be considered in 
making the comparisono As illustrated in Fig. 3, the difference 
in instructions to ignore or 
observe color was associated 
with a significant difference 
only in the II stimulus con- 
ditioup Neuman Keuls, p<o01o 
In the II condition the nean 
error score for bhe group 
instructed to observe color 
was 32.8U while it was only 
13o2^ for the group instructed 
to ignore color. 

Although the general 
trend of difference between 
color relevance conditions 
was in the direction of those 
found in Experiment I, the 
interval test showed that 
with respect to the shape 
only (IR) control condition, 
the color relevant (RR) 

^divion was associated with significantly fewer errors in 
Ex^nment II but not in Experiment I. In addition, while there 
had been a significant difference between IR and II in Expeidnmnt 
1,^1 was not uniformly :Jnterfering in Experiment II. The 




Relevance of Color Component 

3o Mean errors on train- 
ing :task.^ a function of 
relevance of color component 
of shape-color compound 
stimulus e 
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transfer results were very similar to the results obtained in 
Experiment lo The mean number 
of errors on the transfer con- 
ditions was one or less for an 
groups that had been originally 
trained with II and IR stimulus 
setso Only in the case of the 
groups originally trained with 
color relevant (191) and trans- 
fered to a condition in which 
color was not relevant was 
the error rate significantly 
elevated^, F(^6)»5o29 p<o01o 
Ml interval test revealed 
that both the ^ja-IR and the 
RR-II condit.^5^ns differed 
significantly from the other 
groups* The interference 
indicated by the significant 
RB-IR error rate in transfer 
was not observed in Experi- 
ment lo Thus in the absence 
of a difference in Experi- 
ment I between IR and RR 
during training and between 
RR=IR and IR-RR or IR-IR in 
transfer, a possible con- 
clusion was that cue 
selection had not occurred* 

The corresponding results 
in E3q>eriment II make such an interpretation more difficult to 
defend* Either a cue selection or a differential threshold inter- 
pretation could account for the experimental findings* The relative 
judged meaningfulness of the color cues may have made it 
possible for the threshold, for reliably emitting responses to color 
CTWS, to have been reached before all shape cues had been condi- 
tioned* Such an interpretation would account for the differences 
obtained in Experiment II in both training and transfer results in- 
volving the groip initially trained with RR stimuli* The absence 
of significant differences for corresponding groups in Experiment 
I does not seriously weaken such an interpretation since in both 
training and transfer in Experiment I the corresponding differences, 
although not significant, were in the same direction as those 
obtained in Experiment II* The various differences in procedure 
between the two experiments dould have combined to yield the 
difference in level of significance obtained without requiring 
additional assumptions of cue selection* 

However, without making further assumption, neither this 
interpretation nor a cue selection interpretation, with bias 
favoring the more meaningful color cues, is consistent wi'tti the 
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Color relevance during training 

Figo ko Errors on transfer for 
each combination of color 
relevance daring training and 
transfer. Experiment H# 



results of the comparison of the combined training and transfer 
results. The means of combined errors on both training and 
transfer for the color cue training conditions was II.83 errors 
for RR, 22.12 for IR and 23.2? for II which differed signifi- 
cantly, F(2,36)*7*1|.7^ P .01, with an interval test showing that 
HR differed (p <.01) from both IR 
and H which did not differ 
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significantTy from each other. 

Cue selection during training, 
biased toward the more mean- 
ingful color cues, would have 
resulted in combining the 
errors associated with 
forming the color associa- 
tions during training with 
the errors required in 
establishing the shape 
association in the trans- 
fer tasks. These combined 
errors should have been 
more than those incurred 
by the group trained with 
shape alone (IR) from the 
beginning. Unbiased 
conditioning of both sets 
of releyant cues should 
have required as many 
trials for RR as for IR 
since the final criterion 
in both cases required 
transfer performance with 
IR alone I and under the 

assumption of unbiased conditioning, the conditioning of shape cues 
in thei RR condition procedes independently of the conditioning of 
the associated relevant color cues. Furthermore, because of the 
procetoes used, there is little support for an interpretation of 
the fixiding of sizable facilitation associated with the RR condi- 
tion which would posit a prompting effect of relevant color made 
possible by the early conditioning of the color components, thus 
making the response term more available during anticLpatian© 3h 
the pTOcedures employed in this experiment there was no anticipa- 
tion interval during training. An anticipation interval was 
available during the test sequences, but since it was S controlled 
it seems ^ghly unlikely that, after he had made the correct 
anticipation by refering only to the color component, S would have 
engaged in the kind of precursory behavior alluded to by Holland 

(1966) as being required to insure the establishment of associations 
to shape cues. 

The verbal responses emitted during anticipation trials 
give little indication regarding the effect of the color cues. 



Color relevance condition 

\ 

Fig« 5* Mean errors on train- 
ing and training plus transfer 
for stimulus conditions of 
color relevant and redundant 
(HR), irrelevant and redundant 
(IR) and irrelevant and inde- 
pendent (ll). Experiment II 
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There was no difference in error rate associated with the two 
practice conditions « In the content analysis of the emitted re- 
sponses of the strategy grcwp there were only rare and unreliable 
references to color cueSo References tended to be single word or 
short phrase responses apparently elicited by shape alone and 
including such words as ’♦shoe**^ "flag** and **arrow'*« These 
references tended to appear in all protocols regardless of color 
condition^) by the second practice trial and were relatively in- 
variant over the remaining trials. These responses suggest that 
the shape cues were discriminated readily and reliably by the 
second trials and that formal differentiation of the shapes 
after the first trial was established and apparently not enhanced 
ly the available color cues. While shapes could be reliably 
discriminated and labeled with highly meaningful labels, it may 
be that the color condition affected the frequency of non- 
discriminating responses. Color cues have been demonstrated to 
be highly dominant cues for children, and since reliably discrimi- 
nating color cues were available only in the HR condition, con- 
siderable interference as a function of color, may have occurred 
in both the IR and the II conditions. However, the fact that 
significant differences between groups instructed to ignore or to 
observe color resulted in marked differences in performance for 
the II condition and not for the IR condition could lead to 
interpretations thatg selectively ignoring the color cues followed 
appropriate instructions to the II groups; that corresponding 
instructions to the IR group were redundant, since instructions 
to ignore the irrelevant color cues resulted in the same per- 
formance on both training and transfer as instructions to observe 
them. If both the IR groups and the II group, receiving appro- 
priate instructions, did effectively avoid potentially interfering 
responses to irrelevant color cues, then the relatively lower 
error rate of the RR groups must be accounted for by a facilitating 
effect of relevant color cues in RR rather than by the interfering 
effect of irrelevant color cues in IR and II. 

The establishment of a mediational chain, linking first the 
color cues to the responses and finally the shape cues to the color 
cues, would provide a basis for facilitation by the supplementary 
color relevant cues. Instructions suggesting the relevance of 
color may have increased the probability of such chaining; whereas 
in the absence of such instructions regarding color, (as in 
Experiment I) Ss may have either relaxed any selective processes 
or delayed color conditioning until after shape cues had been 
first conditioned. In either case facilitation of shape associa- 
tion as a function of color association found during training 
(or combined training and transfer) would not have been expected. 

Although color cues present in congsound stimuli tend to 
be functionally doDiinant lor both children (Bruner) and adults 
(Grant), it is clear that in many tasks, adults tend to avoid 
categorizing or responding selectively to color cues unless 
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rue tions clearly establish the relevance of color# This re- 
sponse bias may be sufficiently established by the fourth gi^.de 
to have made possible the differences in facilitation associated 
with the presence of relevant color# However^ any reference in 
the instructions to the possible relevance of color, including 
even the suggestion that the task should be accomplished '^without 
depending upon color” seems to have been sufficient to signifi- 
cantly alter the mode of response to the color cues present# The 
effect of these instructions was apparently a function of the 
objective relevance of color in the task such that, in the case 
of HR, color was facilitating and that, in the case of II, the 
potentially interfering effects of irrelevant color were avoided. 

Although the gross differences in overt practice response 
between the S and R groups were not significant, there were 
qualitative differences between the utterances of the rapid 
learners in the S group and the slower learners. The rapid 
learners produced responses that could be readily associated with 
both the stimulus shape and the response term# For example, a 
common response by the slower learners to the map associated with 
Romania was ^''shoe'S ^ the more rapid leamers — ”rubber boot”. 

The few Ss that produced such vague and general responses as 
”shape” or ”color” had the greatest number of errors in learning 
the task# If S was employing a complex learning strategy in- 
volving color cues, there was no direct indication of it in either 
the responses emitted on practice trials nor in the post-experi- 
mental inquiry. In the case of both S and R practice conditions, 
when asked how they learned to remember the items, almost all Ss 
in all conditions indicated that th^ remsmbered the item because 
it looked like some familiar object. 

The kind of overt responses emitted during practice were not 
controlled in the present experiment and seemed to have served as 
highly effective mediating responses in some cases. If association 
could be greatly enhanced by suggesting highly meaningful mediating 
responses to S which could be readily associated with both shape 
component of the stimulus term and the response term independently 
of the color component present, it seems that both relevant and 
irrelevant color cues would be expected to be relatively ineffective. 
If S were forced to attend to the color component by the additional 
requirement of a color orienting response during practice, the 
effect would seem to depend upon the relevance of color and the 
relevance of the shape association term. 



EXPERIMENT HI 



If the facilitating effect of color depended upon the estab- 
lishment of a mediational ch;^in involving color^ then it woiild seem 
that the availability of relevant color cues would be? most helpful 
when the available mediating responses associated with shape cues 
are most difficult to associate with the response term; of little 
or no help when the mediating response to shape is initially highly 
associated with the responss term* 

The Esqperiment II data can be inteipreted in terms of an 
assumed establishment of a mediational chain involving color- 
associated mediating terms* The overt practice responses by the 
S groups revealed that the emission of shape-associated mediators, 
which were also hi^ly associated with the response terras, greatly 
iacilitatod iesj-Tiing. The design of Experiment II was such that 
it cculd not be determined whether the selection of these highly 
efficient shape - related mediators interfered with any interfering 
or facilitating effects associated with the color conponent of the 
stimuli* If children are capable of making highly selective re- 
sponses to the shape or color component as a function of instructions 
or formal relevance of the color component, then it would seem that 
thty might also make selective responses as a function of the effec- 
tiveness of the shape— related mediator* If mediational activity 
depends heavily upon instructions to mediate, as suggested hy 
Jenkins (1963), and if alternative and easier mediational chains 
are available, it seems that the law of least effort would require 
that the color mediators would not be used* If learning in this 
case is to be accounted for entirely in terms of mediating events, 
it would seem that the formal relevance of the color components of 
the compound stimuli should have no effect under conditions of 
optimal effectiveness and availability of shape-related mediating 
terms* It was the purpose of Experiment III to investigate the 
above hypothesis over a range of two degrees of response-relatedness 
of a set of m ed i ating terms that were all readily assiiciated with 
the shape c omponen ts * It was of particular interest to investigate 
the interaction of this effect with the effect of varying the 
formal relevance of the color conponent of the compound stimulus* 



Ifethod 



Subjects ^ Six^-four fourth graders and 32 third graders 
from the Indiana Ikiiversity Elementary School served as Ss* They 
were randomly assigned to experimental conditions with the re- 
striction that 8 fourth graders and h third graders were assigned 
to each cell of the 2x2x2 factorial design* Children were 
initially screened for ability to name correctly some circular 
sanplos of color similar to those used in the stimulus nmterial* 
None was rejected due to inabilily to do so. 
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Design and procedure s Alternating prompted practice and 
test trials with the same corresponding time intervals were used 
as in Experiment II© In addition^ the two conditions oi color 
relevance were defined by using the HR and II sets of stimuli 
i^ed in Experlnents I and H. Two conditions of color orienting 
instructions were defined by instructions to one group to name 
the color of the map on each frame (N) and to a second group not 
to name the colors (!T). The third factor was defined by two sets 
of s^pe-related terms which differed in that each term in one 
set (l) had the same initial letter as the required response term, 
whereas no term in the second set (T) had an initial letter which 
was included in the list of response terms. Conqjlete instructions 
are found in Appendix G. The I list of teiros, with associated 
response terms weres ear-E, rubber boot-R, banner-B, patch-P, and 
s^ar-Sr The corresponding T list contained the following terms 
with their associated response teimss mitten*-E^ overshoe'-R^ 
flag°B, lake-P and arrowhead=S. Items from both lists had been 
taken from the practice protocols of Ss in the S group of 
Exper^nt n where each term had been reliably and readily- 
associated with the appropriate map stimulus. 

S was presented a printed list of the response-related terms 
associated with his assigned experLmental condition and was in= 
structed to read and define each term <> being prompted l?y E in the 
rare cases of difficulty. He was instructed that these terms were 
to be used as "slues" and that each term was to be repeated twice 
on every practice trial during the presentation of the appropriate 
map. An illustration of the required practice response^ employing 
such a clue word^ was presented verbally by E, explaining that if 
the map to be learned were that of Mexico^ the clue might be the 
word banana. It was pointed out -that a banana was curved liifQ the 
map of Mexico is. S was prompted on practice trials for the first 
two trials by hearing the appropriate clue word stated by E if he 
had not volunteered it after approximately 2 sec. Ss rarely 
required more than one prompt to associate the practice term with 
the ^propiiate map stimulus. In addition, as part of the clue 
instn^tion those Ss in the N condition were instructed on 
practice trials to name the color of the map as part of the clue. 
Thus the practice response illustrated by E for the N group while 
viewing the green map of Mexico was "M — <- green banana, M — 
green banana" while for the N group it was «M — banana, 

M — banana". ^ 



The required practice procedure was followed without 
difficulty by all Ss, throughout the experiment. 



Results 



Errors were tabulated for each experimental group and are 
reported in Appendix H. A summary of the results of an analysis 



of variance is reported in Appendix I. Although the means for the 
third and fourth grades were 27«72 and 19«68 errors respectively 
and differed significantly, F(1,87)*8.12, pc.Ol, there was no 
significant interactions between grade level and other conditions. 
Therefore, the scores of the two grade level groups were pooled. 
The resulting means and SDs for each experimental group are 
reported in Table 2 and Fig. 6. It was evident that the atten 5 >t 



TABI£ 2. MEANS AND SD*S OF ERRORS TO CRITERION AS A JUNCTION OF 
SHAPE AND COLOR NAMDG PRACHCE CONDITIONS AND COLOR RELEVANCE 
CONDITIONS. 
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to establish vide differences in error rate betveen the two condi- 
tions of shape related orienting tasks was successful* The over- 
all mean for the I condition was 32.93 errors and differed 
significantly from that of the I condition which was 11*53 errors, 
F(1,87)*60*81, p<* 001* Relevance of color, F(l,87)“21*l8, p<*01 
and naming color, F(l,87)-Ho5l, p<*01 were also significant 
factors* As in previous studies relevant color was associated 
with fewer errors than irrelevant independent color* The inter- 
fering effect of II was greater when color naming was required, 
F(1,87)*U«85, P<o 05 and when the less effective shape-related 
practice response (T) was required, F(1,87)®6.60, p <*05* 

The introduction during practice trials of an orienting 
task that was readily related to both shspe cues and the response 
term did not eliminate the effect of relevant color cues present 
in the compound stimulus. The Neuman-Kauls interval test indicated 
significant differences between II and RR even under the most 
favorable shape-related orienting task conditions, p <*05# This 
difference may have remained due to the selection of color cues in 
spite of specific instructions regarding the relevance of the shape 
orienting responses and the absence of reference to color in the N 
groups* However, the reference to color in the initial screening 
test may have been sufficient to sensitize the Ss to the possible 
relevance of color, just as the negative instructions regarding 
color in Experiment II seemed to have sensitized the RR groups to 
the relevance of color* 



Discussion of Experiments I, H and III * 

In all three experiments, involviiig children averaging 10 
years of age, evidence has been obtained concerning the effect of 
varying the relevance of the color component of a compound stimulus* 
This effect has also been shown to be a function of instructions 
and practice conditions* Some degree of color cue selection seems 
to occur, particularly if both instructions and stimulus array 
pravide consistent information regarding color relevance* Color 
cue selection in Experiment II seemed to be associated with the 
conditioning of shape cues in such a way as to facilitate combined 
trai nin g and transfer performance* This behavior seemed to be 
somewhat in contrast with the apparent independent associations 
to shape and color cues formed in Experiment I under instructional 
and practice conditions that provided no information regarding the 
relevance of color cues* If the color cues were facilitating only 
because they provided a mediating link between the shape stimulus 
and the response term, it seemed that the procedure of providing 
S with such a mediator that was not associated with the color 
component would eliminate the effect of the color cues present. It 
was found, in Experiinent III that the effectiveness of the color 
cues was reduced but not eliminated under such practice conditions. 




16 



It seems^ in summary^ that while instructions to use the color cues 
in an appropriate vay can both increase the positive effect of rele- 
vant cues and reduce the interfering effect of irrelevant cues^ there 
is reason to believe that there is a residual effect that is not 
entirely displaced by these procedures « Its characteristics are 
such that the most pars imone ous set of assumptions seems to require 
that some stimulus sainpling of available color cues continues 
through trai n i n g o Lis true tions regarding the relevance of other 
sets of cues do not eliminate the continuing effectiveness of these 
cues during tr a i ning o The effectiveness of color relevance seems 
to be generally proportional to the length of training required* 

When instructions and procedures are such that shape cues are 
conditioned slowly^ the relative effect of associated color cues 
se^ greater* This suggests that the effect is present over 
trials and not only after initial criterion is reached^ as was 
found with adults by James and Qreeno (1966) * Thus, behavior 
resulting in the selection of only color or shape cues exclusively 
may be only partially established in 10 year-olds although oossiblv 
evident in adults* ^ 



Conclusions <> Implication and Rec ommendations 

If color cues are added to a stimulus array vdth the expecta- 
^hat th^y have a facilitating effect upon the acquisition of 
associations to the shape component, then it appears that active 
intervention by presenting appropriate instructions and practice 
procedures may be required* The data suggest that such procedures 
significantly affect stimulus sampling and may have an additional 
effect upon the development of mediational chains. 

The findings of these three experiments have several implica- 
tions for further research and developmental activity. One question 
concerns the possible generality of these findings to tasks involv- 
ing other types of compound stimuli. Instructional displays are 
typically compound, consisting usually of various visual, auditory 
and other elements of varying degrees of relevance to the learning 
task required* The class of stimuli studied in "Oie present series 
of experiments consisted of intrinsically associated components. 

In the intrinsically associated class of stimuli, orienting 
responses which result in the sensoiy reception of one stimulus 
component insure the reception of the other coii 5 )onent(s)* It may 
be that the apparent difficulty of children in sampling from only 
one set of cues may be a Hinction of the special characteristics 
of intrinsically associated stimuli such as were used in this 
experiment* It is clear that non-mediating organisms come to 
respond selectively to elements of compound stimuli by inhibiting 
or adapting some of the elements* It has also been observed that 
orienting responses may change the probability of sampling from 
one or more of the cue sub-sets* However, the orienting response 
IS not effective in differentialy changing the sensory input of 




17 



conq)onente of an intrinsically associated stimulus. If the only 
alternative is to undergo a relatively lengthy and unpleasant 
process of adapting irrelevant cues, then the case of the intrinsi- 
cally associated stimulus poses a very difficult challenge to 
efficient leamajig. That selectivity is possible, if not routine, 
in the case of intrinsically associated stimuli is suggested by 
Mechanic's (1962) demonstration of the need for appropriate 
orienting tasks to insure that adults make appropriate responses 
to both components of such stimuli . 

An attempt to design instructional procedures that make 
optimal use of ^pplementary stimulus components is complicated 
by tte possibility that procedures which are optimal for children 
are interfering for adults and conversely. It may also be that 
compound stimulus materials which are intrinsically associated 
require different procedures for optimal utilization than those 
which are discretely associated. 

The second part of this series of studies attempted to 
investigate certain effects of color relevance with adult Ss. 



EXPESiMENT IV 



^ first three experiments evidence 
of the effectiveness of variation in color relevance was obtained 
under instructioiml conditions that were contrived to indicate 
that color was either not relevant, or that stated alternative 
cues were available in lieu of color. In both cases, however, 
color was apparently effective. It could be argued that children 
are effectively imable to ignore color, even when they are 
actively responding to other cues. An alternative argument -»s 
that me^ational behavior was affected by the stimulus conditions 
01 the training and test sequence, and that the initial verbal 
ms true ti^s were modified according to these task characteristics, 
m each of the earlier experiments the stimuli present on the 
test trial were drawn from the same color condition as were the 
training stimuli. This would provide the basis for confirmation 
or disco^irmation, on the firs '.^st tidal, of the validity of 
the initial instructions regardii.^ the relevance of the color 
cues. Thus, it would seem that the effect of supplemen taiy color 
^ training trials depends upon the color condition present on 
the test trials independently of the condition on the training 

X'.'^XcLJLS o 



Another possibility is that color cues were sampled 
selectively on trials in which shape cues did not provide a 
basis for forming discriminations. Poulson, Restle and 
Poulson (196^) have presented evidence that indicates a two 
step learning process in the case of learning paired -associate 
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responses to highly conf usable shapes. A discrimination step, in 
addition to an association step, seems to have been required. It 
seems possible that relevant color may affect the discrimination 
step and not <:he association step. If this discrimination step 
were facilitated by the presence of associated color cues, then 
relevant color might be expected to facilitate the acquisition of 
highly confusable stimuli but not to facilitate the acquisition 
of readily discriminable stimuli. 

It was the purpose of this experiment to investigate the 
effects of varying the relevance of color jjidependently in train- 
ing and test trials, and of varying the discriminability of 
associated shape components under those instructional conditions 
which 3Jidicate that color is not relevant. The length of the 
anticipation interval during training trials was also varied. 

If it is assumed that discrimination typically precedes associa- 
tion and that discrimination may be facilitated hy the associa- 
tion between the shape and color components, it seems possible that 
extending the anticipation interval prior to the information feed- 
back event would facilitate the formation of such discriminations. 



Method 



Subjects and design s The 215 Ss were from summer session 
graduate and undergraduate classes in“education. The population 
sampled was relatively heterogeneous with respect to age and 
nationality. Data from thirty-five Ss were omitted from the 
final analysis because of procedural*”and apparatus irregularities. 
The three training conditions, two test conditions, and two 
interval conditions resulted in a 3 x 2 x 2 factorial design with 
repeated measures of the paired and non-paired stimulus sets. 

Two cells were filled by substitution since transfer from IR to 
the same color relevance condition was logically identical with 
transfer to the identical condition used in training. In the 
final analysis of the data the 36 Ss trained under the IR to IR 
conditions were used for both and IRj. transfer cells. 

Stimulus materials 8 Eight sin^jlified line drawings that 
had been used by Fouls onj Res tie, and Poulson (1965) served as 
the shape component of the stimulus set. Figures representing 
an apple, a hat, a trefoil and the knight chess piece were readily 
discriminable from all other shapes, while two figures represent- 
ing leaves differed only slightly, and two fj^ures representing 
diamond shapes also differed only slight. The fiist four figures 
were refered to as non-paired (?) and the last four as paired (P), 
Response terms were the words part , hope , rush and only. Each term 
was matched arbitrarily with one of the f our P figures. Similarly 
the same four terms were matched with the P figures and were 
lettered in black India ink immediately below the figures. 
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Each of the eight 
figiires was rendered on 
eight very distinctive 
value of colored paper 
(Craftint papers | yellow^ 
redp blue^ green^ brown, 
grey, orange and purple)© 
The resulting 6U drawings 
were cut out and mounted 
on white background 
material and photographed 
on 35inm Ektachrome film© 
The resulting colors were 
^cmewhat distorted in 
color value but were 
readily discriminable© 
Multiple copies were 
produced so that five 
randomly ordered permu- 
tations could be 
successivejy ordered 
in the Carousel slide 
drum© 
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Part Hope Rush Only 



Fig© 7* Response words did not 
appear during test trials© 



The three conditions of color relevance were defined as in 
the first three e^driments© That is, in the relevant redundant 
(RR) condition, a given figure had a different color from each of 
the other eight figures and had that same color on each trial© In 
the irrelevant independent (II) color conditions varied independently 
of shape over trials. In the irrelevant redundant (IR) condition, 
the color for all figures oti all trials was red© 

Procedure g Each S was assigned by order of appearance to one 
of the three conditions of color relevance© These groups were 
orthogonally divided such that ttie test trial stimuli for a given 
S were from either the same (S^) or the IR set (IR^)© This i^as 
mechanically arranged by using two projectors with one containing 
the training stimuli and the other the test stimuli and using 
auxiliary switching controls to accomplish the necessary switching© 
The third independently manipulated factor was the interval of 
time by which the stimulus term anticipated the response tern 
during the training trials© In the anticipation U) condition the 
stimulus term was presented for U sec© before a shutter opened 
exposing the response term for ^ additional 2 sec. In the non- 
anticipation (a) c(»idition there was no corresponding h sec«, 
presentation of the stimulus term preceding the paired presenta- 
tion of the stimulus and response terms© A 2 sec© intertrial 
interval was employed. Training preceded with alternating test 
trials until the earlier criterion consisting of either two 
errorless trials or a total of 11 test rials, had occurred. 
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The instructional stimuli (Appendix J) indicated that “color 
will not always help yo\i on test trials and you should try to 
cmcentrate on the associated shapes and words.** The A group was 
told that they would see the shape alone preceding the presentation 
of the paired shape and word. They were told to try to remember 
the associated word during the anticipation interval and to say 
it aloud if they remembered it. 



Results 



There were three types of errors recorded. On the paired 
items a response that could have been correct for the other 
members of the pair was considered a confusion error (C). An 
other responses were called non-confusion errors ((J), and failure 
to respond^ omission (0). All three types of erroj.s were possible 
for the paired items while cxily ^ and 0 were possible for the nrai- 
paired items. Means by error types and conditions are reported in 
Table 3, 



TABLE 3o MEAN ERRORS OF ON PAIRED AND NON PAIRED ITEMS FOR 
ANTICIPATION INTERVAL AND COLOR RELEVANT CONDITIONS IN TRAINING 
AND TEST TRIAIS. 



Antici- 

pation 

Interval 


Color Relevance 




Paired 




Non-Paired 




Training 


Test 


C 




0 


C C 


0 


h sec* 


IR 


IR 


9.83 


7.17 


3ol7 


2.U 


1.67 


h sec* 
1 


RR 


RR 


5.89 


5.06 


Uo22 


2.17 




U sec* 
1 


RR 


IR 


10.89 


5.33 


3*22 


U.17 


2.06 


4 sec* 
1 


II 


II 


12.33 


8.56 


2*00 


U.U 


1.33 


4 sec* 


n 


IR 


9.78 


7.39 


3.11 


2.89 


1*00 


0 sec* 


IR 


IR 


9.6? 


U.50 


2*50 


3.22 


1.33 


0 sec * 


RR 


RR 


U.33 


5.17 


3.U 


2.00 


.67 


0 sec* 


RR 


IR 


9.17 


5.56 


3.17 


3.50 


1.56 


0 sec* 


II 


II 


10.67 


7.06 




U.OO 


2*00 


0 sec* 


II 


IR 


9.06 


7.83 


2*67 


3.22 


1*56 



Total errors for the paired and non-paired items was compared 
first* An average of 15*52 errors was associated with paired items 
while i;*60 was associated with the non-paii^ed items, resulting in a 
substotial difference, F(1,20U)«1252*98, p<*001. This made 
possible a test of color effects in a list including items with 
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markedly different discriminability. Although the absolute differ- 
ences between the mean number of errors associated with the three 
training color conditions were small (IR, 22.61, HR, 22.06 and II, 
26.25), they did differ significantly, F(2,20U)*5«35, P<.01, in 
this experiment. Color relevance during training was associated 
with discriminability of cues, indicating that color condition was 
effective in the case of paired stimuli but not in the case of the 
non-paired items, F(2,20U)«9.7U, p<*01. Further analysis of the 
data, comparing each of the three types of paired and non-paired 
errors, indicated that for each type of error possible, the 
differences between color training conditions were significant 
(as indicated by an Interval test) only when comparing the effects 

on confusion errors for paired errors, F(8,8l6)«3.36. pc.OOl. 

In this case the 

C(»A>ination of RR 
on training trials 
and RR on test 
trials was associ- 
ated with a signi- 
ficantly lower 
error rate than any 
of the other combi- 
nations. The 
specific ocanparlson 
of difference in 
error rate between 
RR-RR and RR— IR 
reveals a ratio 
of errors of 
almost 2 to 1 
favoring the 
RR-RR condition. 

This finding is 
consistent with 
l^e assumption 
that the cue 
relevance of 
color during 
training is modi- 
fied by the rele- 
vance of cues 
during the 
practice trials. 

In the case of 
the RR-IR group, 
the initial in- 
structions 
indicating that 
color would not 
he3.p was sufficient 
to res\ilt in com- 
plete absence of evidence of response to those relevant cues, even in 




Fig. 8. Mean errors for groups differing 
in color relevance during training and 
test trials as a function of item type. 
Experiment IV. 
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the presence of stimuli that were exceedingly difficult to discidrai- 
nateo The data are not sufficiently unambiguous to determine 
whfether or not the relevant cues were used selectively with the 
paired items but not with the non-paired items* The absence of 
transfer data also precludes determining whether the selection of 
color cues competed with the selection of shape cues or had a 
facilitating effect* 

The data did not uniformly support the assumptions regarding 
the possible facilitating effect of the extended anticipation 
interval* However, a significant interaction between anticipation 
effect and item type does indicate that the extended interval may 
have had a facilitating effect on the paired items, F(l,20l4.)*»9#75, 
p<*01* Since S was encouraged to anticipate overtly it may be 
that this overt behavior interfered somewhat with associations 
between color and shape that might have otherwise occurred* 

The data in general indicate that adult Ss are capable of 
respCHiding very selectively to color and may maintain selective 
biases that are inefficient if instructions and test procedures 
lead to such selective modes of responding* 



TeYPRRTMRTJT V 



Introduction 



The specification of the behavioral effects of variations 
of color in visual displays has been an e^^remely inqjortant issue 
in the audio-visual field (Hoban and Van Ormer, 19^0; Hoban, 1960j 
Travers, 196U)o In spite of considerable research work the current 
situation seems aptly summed up by Dale's (1955s P* 353) observation 
that the educator has "precious little to draw on" in guiding his 
utilization of color in educational media* Even though preference 
for color, especially realistic color, has been consistently 
demonstrated there is little evidence available for a similarly 



Note — Experiment V was written by Ifr* Dan Lee Isaacs 
under the direction of Dr* Harvey B. Black as part of the 
requirements for a Master's Degree* This report appears on the 
following pages and is organized as an independent report* It 
does, however, follow Experiment IV sequentially, which is 
refered to as Black & Isaacs (1966) in the Experiment V report* 
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facilitating effect of color on learning# This failure to find a 
general facilitative effect has led to more analytic consideration 
of the potential effect of color # It has been suggested that 
color cues must be relevant, or must emphasize relevant cues 
(MUler, 1957), or help differentiate relevant cues (McGeoch and 
Irion, 1952), but certainly not draw the learner’s attention away 
from the important cues (Hoban and Van Ormer, 1950 )« 

Many laboratory studies have shown positive effects of 
supplementary color cues# Several studies (Peterson and Peterson, 
1957| Saltz, 1963, Weiss and Margolius, 195U) utilizing words and 
trigrams have found that background color cues definitely facili- 
tate acquisition of the primary stimulus# Similar data were 
found when variations in the color of stimulus figures were 
correlated with differences in responses in concept identification 
(Bourne and Restle, 1959), paired associate learning (Black, 1966), 
and search time (Green and Anderson, 1956)# However, often of 
more practical importance than the problems of difficulty in 
acquisition of responses, is the probability of transferring a 
specific learned response to other stimuli or parts of the original 
stimuli# There is strong evidence available to support Hoban and 
Van Ormer ®s (1950) observation that in certain procedures there 
may be competitive and independent effects of color c\ies# Several 
studies (Underwood, Ham, and Ekstrand, 1962 5 Weiss and Margolius, 
195^1 Sundland and Wickens, 1962 | and Black, 1966) have reported 
that when color cues that were relevant in training, xrore absent 
and the remaining cues tested with a transfer test there was a 
drop in performance# This drop was found to be inversely related 
to the meaningfulness of the set of shapes (Underwood, Ham, and 
Ekstrand, 1962)# These findings suggest that if highly discrimi- 
nable color cues were added to facilitate the learning of responses 
to easily confused, difficult, or low meaningfulness stimulus 
items, that the color cues would interfere with learning since the 
subject would tend to select the easier cues# 

There is, however, a possibility that the apparent cue 
’ selection in the Underwood, Ham, and Ekstrand (1962) study was a 
function of the physical separation of color and other relevant 
cues used in that experiment# Therefore, one purpose of this 
study was to present stimuli in which the shape cues were not 
spatially separate from the color cues in order to determine 
whether cue selection would be observed when shape cues of the 
nominal stimulus were defined by the contours of the colored 
shape against the uniform background# 

An additional question arose from a study by Black and 
Isaacs (1966) that yielded no evidence to support earlier find- 
ings that the presence of relevant color cues during training 
reduced training errors# The procedure used alerted liie subjects 
to the requirements of the final test stimulus which did not 
include chromatic color cues# In addition, the subjects were 




2h 



run a fixed number of trials and many of them did not learn all of 
the responses* One possibility that might account fcT the relevant 
cues not facilitating learning is that the subjects selected only 
the achromatic shape cues present* If this vas the case it may 
have been a function of the early and repeated presentation of 
the achromatic criterion test stimuli or a function of the inter- 
rupted practice technique which may have facilitated the early 
conditioning of the easier shcqpes but cut short a phase of color 
conditioning which might occur later as the most difficult shapes 
were being learned* Therefore, the present study additionally 
atten^)ts to investigate the possible sequential ordering of cue 
sampling by including an earlier and later test trial which 
respectively follow a less and more stringent criterion of 
performance* 

In summary, the piupose of the present investigation was 
to observe the effects upon cue selection of variations in dis- 
criminability and difficulty of the primary cue set (shape), 
presence of relevant (color) cues, and the training level pre- 
ceding test trials idien the primary (shape) cue set was physically 
defined by the contours of the secondary cue set (color)* 



Method 

s timuli s The stimulus shapes were drawn from a group of 
shapes used by Pfafflin (I960)* The eight stimuli used for the 
highly discrlminable shape conditions (HD) of the study were all 
from her "low pre-stimulus differentiation" list while the eight 
shapes for the less discrlminable shape condition (LD were all 
variations of a single shape selected from her "medium pre- 
stimulus differentiation" list* (See Fig* 9*) For the variations 
in the LD stimulus set the outside geometric dimension was held 
constant while the positions of the two internal rectangles were 
.'ndependently shifted a small distance either horizontally or 
vertically (Attneave and Amoult, 1956) resulting in a set of 
stimuli that could be discriminated only with difficulty* The 
stimulus shapes for the conditions (HDLD) in which one half of 
the shapes were highly discrlminable and the remainder less 
discrlminable were a combinatjon of four shapes from the LD set 
and four frcu; the HD set* A pretest, consisting of 2" outline 
shapes drawn on index cards, was used for dete rmining -ttie shapes 
for this condition* The four shapes drawn from the HD condition 
were those learned most easily by shape alone, idiile those drawn 
from, the LD condition were those most difficult to learn ly shape 
alone* Thus, the pretest made possible the identification of 
subsets of four shapes that were the hardest (H) and the four 
shapes that were easiest (£) with each assignment to subset de- 
terrain . i by the relative number of errors that occurred for each 
item on the pretest* 
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The colors used for the orlgind plates in the relevant 
color condition (R) weie created using Craftint Inc* "Color 
Ifatch" and "Color Vu" paper, a paper with a high degree of control 
for color range and consistency* (Appendix 0*) The response nun* 
hers (2 through ^ inclusive) were lettered with a Leroy lettering 
guide in India ink and were centered directly below the shapes 
such that they were approximately one-sixth of the size of the 
sh^)es when displayed* The colors were chosen because they appeared 
to be readily discriminable from one another* However, i^en they 
were photographed on 35mm Ektachrome film this difference, especial- 
ly between the red and the orange, became somewhat less apparent, 
although still readily discriminable* The stimuli for the irrele- 
vant color condition were all created in a nanner similar to the 
above shapes but all of the shapes utilized the red "Color Match" 
psqoer* (See fig. 9.) 

The 16 transfer test slides (eight color slides and eight 
shape slides) were also photographed on 35mm Ektachrome film* The 
■test shapes were identical in form and construction to those used 
^ the training trials but utilized a black construction paper 
instead of the colors* The test colors were constructed by filling 
the entire projection area of each slide with one of the eight 
colors used in the training shapes* 

Procedure % One of the ■two experimenters (one male, one 
f^nle) asked S to sit at a ■table facing a rear projection screen* 
Then E temed off the lights, leaving the room only dimly lit from 
the ambient window light, and read a set of instructions to Mm, 

(See Appends L*) The Ss were each asked to anticipate ■the response 
for each stimuli and respond e^ven if he were uncertain of his 
answers* The s timilu s figure was presented for a two second antici- 
pation interval and was immediately followed by a shutter, position- 
ed c<n the back of the screen, dropping to reveal the response term 
for two seconds* An unfilled two second delay then followed the 
response term and preceded the next stimulus term* 

Training was continued until S con?)leted two consecutive 
errorless trials (lOQ^). Then all Ss were given a transfer test 
consisting of the eight shapes presented in solid black, and the 
eight colors presented in a manner such that each of the colors 
used with stimuli in training of color conditions filled the 
Qntire screen* The eight shapes, randomly ordered, were pre- 
sented first and were immediately followed by the eight colors, 
also randomly ordered* In addition to this final transfer test, 
half of the S^s were also previously tested with the same transfer 
test upon completing two consecutive trials with a total of 11 or 
more correct responses (69 %)^ 

Apparatus s This experiment took place in a room that was 
about 10 by 10 * E sat at a teble idiich supported a 12" by 12" 
rear projection screen at the opposite edge, approximately 30" 
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materials.) Mixed discriminability (HOLD) list consisted of HD 
stimuli 2, 8, 7* 3 and LD stimuli 6, 9i ^ and 5. 
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Troin the So Two Carousel slide projectors were mour.ced on a stand 
behind the screen such that one projector was positioned slightly 
above and behind the other and such that both were angled in order 
to project nearly congruent images on the screen. A shutter, 
immediacy behind the rear -projection screen, was activated during 
the training t r ia l s by a solenoid so that the shutter interupted 
the lower two inches of the stimulus display which included the 
numerical response term. The solenoid action of closing the 
shutter produced a very audible noise. 

Two projectors were utilized in order to present the traiis- 
fer test slides without delay following liie attainment of criteria 
by S. Witoout two projectors a delay would have resiated between 
anticipation learning trials and the transfer test trials. The 
projector slide trays, each held eighty slides, and therefore, 
permitted the presentation of ten consecutive randomly selected 
permutations of the slide set after iirtiich S was shown the repeated 
sHde sequence until criterion was attained. (See Appendix K.) 
Plg.lO shows the apparatus used in this study. 

Subjects g The 108 Ss were Indiana University undergraduate 
educational psychclqgy and graduate audio-visual students partici- 
pating as a part of course requirements. Ss were assigned ran- 
domly to the training conditions as thqy arrived for the experlmsnt 
and no S was disqualified. The materials were pretested on a 
convenient sample of eight Indiana IMiversity male graduate students. 

^erimental design s In order to determine the effect of 
learning paired associate responses as a function of shape diffi- 
culty, criterion level, and presence or absence of color this study 
utilized three shape conditions (HD, LD, and HDID), two criterion 
level conditions (100^ and 69%) and two color conditLcns (R and I). 

In addition to these conditions the two within subject variables 
which were manipulated were test content (S and C) and relative 
shape difficulty (E and H). Thus, liie experimental design was a 

five factor experiment with repeated measure (Winer, 1962) as shown 
in Table h. 



Results 



The dependent variables were number of trials required to 
reach a criterion of two errorless trials (lOO^) and number of 
errors on color only (C) and shape only(S) retention tests given 
ijnmediately following criterion trials. Summary of the raw data 
IS presented in Appendix N. Table ^ shows the mean number of 
tria^ requir ed to reach 100^ criterion by Ss in each training 
condition. Analysis of variance (Appendix f) showed both color 
relevant (CR) and shape discriminability (D) to be significant 
factors, F(2,96)=1U.70, p<.001 and F(2,96)«20.H, p<.001, 
respectively • Inspection of Fig.ll shows that performance of 
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relevant (R) and Irrelevant (I) color groups were much more widely 
separated with low discriminabilily stimuli (LD) than with more dis- 
criminable (HD) stimuli, F(2,96)«7<.38, p<<,01o Appendix P reveals 
that there was no difference between conditions receiving { 69 % and 
lOOJg) and those that did not receive (lOQ^ only) a transfer test 
at the 69 % criterion level (L) prior to reaching the 100^ criterion 
levelo 



The transfer test data were then summarized • The mean 
number of errors for all conditions on the shape only (S) test 
given following the attainment of lOQ^ criterion level (L) was 
summarized in Table 6* (The analysis of variance appears in 
Appendix Uo.) The difference in levels of color relevance (CR), 
shape discriminability (D), criterion level (L), and shape 
difficulty (E-H) were all associated with significant differences 
in an analysis of variance, F(l,96)«Hl;«37, p<.001j F(2,96^2.10, 

F(l, 96) *11*17, p <«01| F(1,96)®29»66, p^^.OOl, respectively 



TilBLE MliAN NUMBER OF TRAINING TRIALS TO REACH 100^ CRITERION 
AS A FUNCTION OF SHAPE DISCRIMINAHrLITr (D), COLOR RELEVANCE (C). 
AND CRITERION LEVEL (L) 



Shape 

discrimin<» 




Color relevance (CR) 






Relevant (R) 


Irrelevant (I) 


D 


abilily 


Criterion level (L) 


Criterion level (L) 




(D) 


lOOJb only 


69 % and 100^ 


100^ only 


69 % and 100^ 




Low (LD) 


15.56 


3i*.33 


2U«35 


28.14 


20.66 


Mixed 

(HDLD) 


11.14 


10.00 


17.22 


13.22 


12.95 


High (HD) 


13.33 


9.56 


11.00 


12.67 


11,62 


lOOJJ only 


13.1*5 




17.55 




I5.U8 


69 % and 
100% 




11*30 




18*22 


li;*68 


C 


12.36 


17.82 


15.08 



(Appendix P)o In the CR condition the group trained with color 
relevant (R) cues made more errors than the group trained without 
color relevant (I) cues* The difference between R and I color 
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groups was less marked Mean number of 

for more discrirainable trial to criterion 

(HD) shapes^, 

(2,96)«mo7o, p^irooi, 

(Appendix X) and for 
the easier pairs 

^CRxE-H ( 96 ) -13 o65 , 
p<VtH)lo The interfering 
effect of prior color 
relevant training was 
most noticeable when 
the least discriminable 
(LD) stimuli liad been 
associated with color 
relevant (CR) cueso 
As indicated in Fig* 12 
the large increase in 
errors made for color 
relevant (R) groups 
in both low discrimi* 
nable (LD) and easy-hard 
(E-H) groups resulted 
in a significant D x CR 
X E-H interactioUp 
F(2,96)=7.73i, p<.001. 

Evidence relating 
to possible cue selection 
was obtained by comparing 
the effects of training 
upoii color shape tested 
separately* Color (CR) 
and shape (S) transfer 
test means for Ss trcdned 
in color relevant (R) 
conditions were tabulated 
in Table 7 o (See 
Appendix V for analysis 
of variance*) Conditions 
associated with more 
discriminable shapes 
(HD) and the occurrence 
of a prior test ( 69 %) had 
significantly fewer errors, 

F(l,U8)-8*2li, p<o001 and F(l,U8)-21*83p p<*001, respectively* 
Overall, fewer errors were made on the shape (S) test than on the 
color (C) test, F(l,i;8)=2^*OU, p<*001* Relative performance on 
color (c) and shape (S) tests varied markedly as a function of the 
discriminability of the shapes used in training. When shapes were 
low in discriminability (LD) performance was best on shape (S) test 
but when shapes were highly discrirainable (HD) perfca*mance was 




Fig* 11* Mean Number of Trials to 
Reach ±0Qf% Criterion Level for Three 
Levels of Shape Discriminability (D) 
and Two Levels of Color Relevance 
(CR) 
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69^ and lOO^ 2.02 1*62 1.82 



relatively better on the odor 
f leant D X S-C interaction, F(2 
in Fig* 13* Subjects receiving 
slightly more errors on 
the 100^ transfer test 
than Ss that had re- 
ceiveBf a prior transfer 
test {69% and 100^) * 

This difference, which 
can be seen in Appendix 
S , was significant, 
F(2,U8)-21,83, p<.01. 

In order to in- 
vestigate the possibility 
of an interaction between 
color-shape (C-S) and the 
occurrence of early test- 
ijig (L), two additional 
analyses of variance were 
performed© One considered 
the mean number of errors 
on the first transfer test 
presented {6S% level for 
groups receiving two 
transfer tests and 100^ 
level for groups receiving 
only one transfer test) 
over all color relevant 
conditions on both shape 
(S) and color (C) 
stimuli. The other, per- 
formed only on data from 
color relevant (R) groups, 
compared performance on 
early {69%) and late (100^) 
transfer tests for the 
same subjects© It is 
obvious from these 
analyses. Appendices W 
and I, respectively, 
that there was no interaction of 
of the other major variables© 



(C) test. This resulted in a signi- 
,ii8)«10*96, p<.001 and is represented 
only one transfer test (100^) made 



Moan number 
of errors 




Shape discriralnability (D) 

^*is* 13* Mean Nuniber of Errors on 
100^ Shape (S) and Color (C) Trans- 
fer Test for Three Levels of Shape 
Discriminability (D), and Two Levels 
of Test (T) 



the criterion level (L) with any 



The total number of correct responses on the transfer tests 
do not indicate the extreme to irtiich correct responses related to 
specific Items presented during training. Each cue in the color- 
shape stimuli presented during training was individually tested on 
color only (C) and shape only (S). Thus, a correct response could 
be made on the shape test only (CiS), on the color test only (OS’), 
on both tests (CS), or on neither test (^. A marked difference 
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Tested at 699^ and 1009^ *89 ^»00 1*67 1.44 .11 3.33 4.11 



between CS and CS categories of the various experimental conditions 
was j.eflected in the analysis of the transfer test data reported 
above* H. :#ever, the number of items correct on both the test (CS) 
was not directly apparent. Therefore, performance for each S was 
tallied for each item under one of the four headings, cS7 CS 
and (Appendix Y ) and the mean number of correct responses under 
each headj.ng ^as reported in Table 8. This table indicates that 
there were a substantial proportion of such CS items for each group. 

The performance of Ss in each of two testing conditions were 
judged to f^l in one of two categories. In this manner the relative 
frequen^ with idiich Ss conditioned responses to both sets of rele- 
vant stimuli (C-S) as a function of the occurrence of a prior trans- 
fer test was categorized. These categories were: (l) over ^ of 
the correct items conditioned to both C and S and, (2) half or less 
of \he cOTrect items conditioned to both C and S. Ss with a ratio 
(CS/CS-K3S+CS) of over ,50 were assigned to one category and those 
equal to or less than .50 were assigned to the other as summarized 
in Table 9» The difference in occurrence or non-occurrence of a 



TABLE 9. SUBJECTS WITH HIGH AND LOW RATIO OF ITEMS WHICH WERE 
CORRECT ON BOTH C AND S TRANSFER TfiST FOR GROUPS WIIH AND WITHOUT 
PRIOR TRANSFER lEST TRIAL 





Subjects with indicated ratio 
of CS/cS^CS-KJS 


uuucftoxuxA ux oPculSXGJr uCST/ 
trial prior to reaching 
lOQ^ criterion 


>.5o 


^.50 


69^ 


11 


16 


None 


3 


21: 



prior test trial is associated with a significant difference in ratio 
of responses conditioned to both C and S, Fisher* s exact probabilitv 
= o02 (Siegel, 1956, pp. 96-10^), ^ 

The difference is in the direction of a greater frequency of 
Ss with a hi^er ratio of CS items being assigned to the group that 
had prior criterion testing. Whan the data are similarly arranged 
for the three subsets of Ss with differing degrees of iiscriminability 
of stimuli similar evidence of increased CS frequency associated w^th 
prior criterion testing was obtained for HD and HDLD groups, Fisher»s 
exact probability ♦.003, but there was no difference in the LD group. 
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Discussion 



The results of this experiment are consistent with earlier 
findings (Underwood, Ham, and Ekstrand, 1962; Jenkins and Bailey, 
196U^ Weiss and Margolius, 195U) interpreted as evidence of a cue 
selection process in the context of paired associate learning with 
supplementary color cues that were relevant during training. In 
the present experiment the addition of relevant color cues to the 
shape cues was associated with a significant reduction in the 
number of tr^ls required to reach the training criteria but was 
associated wi'Ui a relatively greater number of errors on the shape 
transfer test. Since the present study utilized shape cues con- 
sisting of ccntours defined the edges of colored shapes, it 
seems that cue selection could not be readily attributed to a 
physical orien^g response. This is evident because orientation 
responses required to sample shape cues would also have been 
appropriate to sampling color cues. The presentation of highly 
discrijidnablB shapes with relevant color cues was consistently 
associated with relatively high performance on the shape only 
test ai^ relatively low performance on the color oiay test. There- 
fore, it appears that even though attention to shape cues required 
that S maintain orienting responses appropriate for sensory recep- 
tion of color the latter were not conditioned with a high probability 
under these training conditions. Postman (196U) and Mechanic (1962) 
argue that in the case on intrinsically associated stimuli, such as 
shape and color as used in this study and that of Bahrlck (195U), 
that the orienting task does not insure a class of postulated 
discriminating responses to both sets of stimuli although sensory 
reception of both is insured. If the postulated discriminating 
response is a functic f stimulus discriminability and testing 
procedure as well as imposed orienting task then the present data 
may be accounted for in terms of self inqposed orienting tasks. 

A cue selection model which assumes that all elements are 
sampled with equal probabilily (Atkinson and Estes, I963) seems to 
require additional assumptions to account for the findings of this 
study. Likewise, a multiple pi-ocess model that includes a discilmi- 
nation or orientation step (Atkinson and Estes, 1963, p. 25?) seems 
to run into difficulty. If cues are thought to correlate highly 
with the simple physical characteristics of the stimulus, then 
sampling of shape cues would seemingly require sampling of equalOy 
cues also. The cue selection aspects of this study's 
data seem to be more consistent with a single element model for 
concept identification (Restle, 1962) in which a single strategy 
is selected and retained if reinforced. However, in order for this 
to be an acceptable explanation it must be argued that valid 
strategies are unequally distributed across color and shape cues 
in this experiment and that those with the highest frequency are 
most likely to be sanpled. Then strategies may presumably be 
attached to various abstractioiis of the stimulus set including 
color only, shape only, or even a combination of them both. 
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)6ich of the data variance could not be accounted for solely 
in terms of cue selection* Further analysis of the data revealed 
that in a significant nuni)er of cases both color and shape were 
the occasions for correct responses when both the shape and color 
were paired in training trials. The present data do not offer a 
basis for resolving the apparent conflict between the part of the 
data suggesting cue selection and the part that is consistent with 
simultaneous sampling of multiple cues. One finding that might 
help explain this apparent conflict was reported in a study by 
Estes and Hopkins (1961). Th^ reported that when one of the 
training patterns appears as a component of the test compound Ss 
may subsequently respond either to the training pattern or to its 
sub-patterns as units. They also found evidence that the pattern 
response apparently becomes increasin^y dominant over constituent 
responses as the training progresses. An analysis of the present 
data comparing the performance of groiq)s tested twice with groups 
tested once suggested another possible explanation. There was a 
shift from items correct on only one of the tests (shape or color) 
to items that were correct on both shape and color for subjects 
receiving tests at the 695^ and 100^ level* However^ upon comparing 
the earlier transfer test performance of the first test (69%) for 
subjects receiving two tests with the later (1005^) transfer test 
performance of subjects receiving only one test there was no 
evidence for such a shift. Thus, it is possible that the early 
transfer test (69^), which Excluded a color only test, allerted S 
to condition responses to both sets of cues* " 

These data, then, seem to support the assumpticai that the 
interpolated test trials had the effect of increasing the proba- 
bility of sampling from the cue set that had not been previously 
sampled. Thus, while S may sample from only one set of available 
cues, a redefinition of the valid cues by an interpolated test 
may result in a change in cue sampling strategy. Thus, S nay 
have had- a sampling-bias which led-him to sample from both cue 
sets during the training task. It is not possible to determine 
from these data whether conditioning of multiple cues proceeds 
simultaneously or serially but it should be noted that an inter- 
polated test was associated with some serial conditioning. This 
effect, however, may have been a function of a complex, mediating 
process of self-instruction (Goss, 1961) employed at the time of 
the early transfer test. 



Summary 

This paired associate learning task required 108 college 
students to observe a series of slides presented on a rear pro- 
jection screen. Each set of stimuli was at one of three levels 
of shape discriminability and one of two levels of color rele- 
vance and was conditioned to one of two criterion levels. S 



was required to verbally anticipate with a single numerical digit 

response to each of eight stimuli and was then shoim the correct 
respcoise* 

results of tiiis study indicate a cue selection process 
^ the context of paired associates employing colored shape cues* 
Since the color ^d shape cues were highiy integrated it also 
revealed that tois cue selection cannot be readily attributed 
solely to physical orientation responses. The study also indi- 

single to multiple cue selection as a function 
of the interpolated tests but not as a function of the learning 
criterion level, ^ 



CONCLUSIONS, IMPLICATIONS AND RECOMMENDATIONS 



The series of studies reported in this project generally 
confirm earlier findings of effects of manipulating the relevance 
of color upon learning responses to associated stimulus components. 
The effects obtained were generally in the direction of a positive 
relationship between relevance of the supplementary color and the 
number of errors emitted during the acquisition trials. The 
magnitude of this relationship was shown to be a function of the 
extent to which instructions or practice procedures required 
making discriminating responses to the supplementary color conqpo- 
nent. Instructions or procedures that made only the most casual 
or even negative reference to color were in some instances 
effective in increasing the magnitude of effect of the color com- 
ponent. 



The first three experiments involved children averaging 
ten years of age. The last two involved collie students as sub- 
jects. In general the results across age groups is consistent 
with the findings in other experiments that suggest that cue 
selection may be more highly developed in adults and while child- 
ren are able to modify response tendencies as a function of 
instructions and practice procedures, they are relatively less 
able to functionally restrict ‘Uie stimulus universe. It appeared 
that under a given combination of instructions and test conditions 
that relevant color cues might be effectively ignored by adults. 
Mthough a completely comparable experiment was not conducted 
with children there was strong evidence that under rather similar 
conditions children could reduce but not fhnctianally eliminate 
the effect of color. 

A tentative conclusion is that facility in cue selection 
is a function of age and liiat by age ten children have some 
facilily but it is not as well developed as that of adults. This 
cue selection facility may result in positive or negative transfer 
to tasks involving compound stimuli that do not include the color 
components, depending primarily upon whether the selection of the 
color component is followed by the selection of the shape component. 
If either compon^t is conditioned exclusively or shape is con- 
ditioned before color there seems to be no basis for expecting 
facilitation. On the other hand if both are conditioned inde- 
pendently, as seemed to be the case in Experiment I, facilitation 
would be expected if the color cues were conditioned well before 
the shape cues providing a basis for a prompted response to shape, 
or if color cues were relatively highly discriminable and pro- 
vided a basis for more readily discriminating the shape cues. 

This discrimination function may occur independently of or con- 
currently with a prompting functionc 



If it is the case that children tend to condition shape and 
color cues independently then procedures should be considered for 
increasing the probability of a prompting effect. Also careful 
attention must be given to the possibility of irrelevant color 
occuring in the transfer task stimuli since these would be inter- 
fering for those trained with relevant color but not for those 
trained without supplementary relevant color. 

The sizeable effects of instructions and procedures upon 
the effects of supplementary cues reemphasises the importance of 
these variables. The procedure in Experiment II of having Ss 
attempt to state their mneumonic devices provided the basis~in 
Experiment Illifor introducing the most powerful variable of the 
entire series of ejtperiments. It may be that use of protocol 
analysis combined with experimental test of derived hypotheses 
may provide a basis for greatly increasing the effectiveness of 
procedures such as those used in this series. Caution is, of 
course required. An example in this study of the failure of the 
subject protocol to reflect the range of relevant processes is 
the fact that in Experiment II Ss consistently failed to mention 
color even though the data showed it to be associated with a 
significant effect. 

Before suggestions for practical application of the find- 
ings of this series could be made with any degree of confidence 
further work seems indicated regarding the developmentcJ. factor, 
the role of the supplementary color component with respect to 
mediation, discrimination and prompting. It does seem clear that 
the evidence is clear that indiscriminate use of supolementary 
color without consideration of age, instructional and practice 
conditions and the transfer task conditions can either be ex- 
pected to contribute nothing or to have an interfering effect, 
while careful consideration of these conditions may be expected 
to substantially improve performance in training and transfer 
tasks. 



A most promising procedure that was shown to be effective 
with children and adults was that of indicating that an irrele- 
vant color dimensiffli should be ignored. Both age groups showed 
evidence of being able to effectively ignore the irrelevant color 
component. However, again it must be noted that the results 
si^gest at least one restriction in that the nature of the test 
situation with regard to color relevance may modify the effects 
of the verbal instructions. 

The procedure of indicating that color may help or intro- 
ducing criterion tasks that demonstrate its relevance were also 
shown to be highly effective in enhancing the effectiveness of 
relevant color. Hirecting attention to the color dimension may 
be more effective in some ways than others, however. For example 
requiring S to name the color on each trial had a generally 
interfering effect. 
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SUMMARY 



Color coded shapes were stimulus terms in a series of five 
paired-associate experiments « The degree of relevance of the color 
coding was an independent variable in each of the studies. 

Children averaging ten years of age were Ss in the first three 
experiments and college students were Ss in the last two. In one 
or more of the experiments practice conditions were varied by 
inqposing differing requirements of color or shape naming during 
practice, varying the length of anticipation interval, varying the 
color relevance and ten5>oral location of the test trial and varying 
the instructions regarding the potential relevance of color. The 
stimuli were varied with respect to inter- and intra-list differences 
in disciiminability and meaningfulness of shapes. Relevant color 
was found to facilitate acquisition to the compound stimulus in 
general and irrelevant, noisy color was interfering. However when 
tested on the shape stimulus alone evidence of selection of the 
more readily discriminated color component was obtained. The 
degree of color selection was affected by the discriminability of 
the shape component, color relevance on test trials, instructions 
regarding color relevance and age of S. Selection of color cues 
was only partial and shs^e cues were also conditioned. Under 
appropriate conditions relevant color coding during training 
facilitated perfoimance on transfer with only the shape components. 

The results were discussed in terras of S-R and hypothesis 
testing learning models and in terms of cognitive development of 
children. The results support the assumption that color coding 
effects may be interfering or facilitating depending upon factors 
other than the visual display characteristics and further that 
procedures assuring facilitation with children may be inappro- 
priate with adults. 
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Appendix A 

Instruc ions for Experiment I 



I *111 going to show you some pictures of several countries* These 
pictures will be shown to you one at a time on the screen that you see 
in front of you. First, we will go thi'ough and look at all the countries 
and their names. Next, I will start showing you the pictures again, but 
this time you will start trying to name them. Each picture will only 
appear on the screen for a few seconds, so try to tell me the nai«> of the 
country, out loud, as soon as possible before the picture disappears. 

Do not use a sentence to tell me the name of the country, but just the 
one word. After each picture, and your answer, there will appear on the 
screen the name of the country. Di this w / you can tell if your answer 
was correct, and this also helps you learn the names of the countries. 

You will see the pictures of the countries over and over again until you 
learn the correct name for each one. You msy guess the name of the 
country if you are not sure what the name is. Your job, then, is to 
learn the names of the countries. In order to let you know how you are 
doing, be sure to tell me each country's name, if you can, during the 
time you see it on the screen and not after it has disappeared. After 
each picture 1*11 then give you the correct name of the country. We*H 
do this over and over until you have learned the names of all the countries. 
Questions? jT^ will answer any questiois from the above ins true tions._7 
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Appendix C 

Data and Analysis for Experiment I 

PART I Total errors to reach criteria on training and transfer tasks 
Experiment I 



Subject Training Training 

Number Condition Errors 



1 


IR 


k9 


2 


IR 


26 


3 


IR 


10 


U 


IR 


68 


5 


IR 


60 


6 


IR 


10 


7 


IR 


16 


8 


IR 


lU 


9 


RR 


10 


10 


RR 


26 


11 


RR 


32 


12 


RR 


15 


13 


RR 


lU 




RR 


23 


35 


RR 


20 


16 


RR 


22 


17 


n 


U5 


18 


U 


61 


19 


n 


22 


20 


n 


128 


21 


II 


37 


22 


II 


30 


23 


n 


U5 


2U 


II 


73 

“TJIil 


Total 




856 



Transfer 

Condition 


Transfer 

Errors 


Total 

Errors 


RR 


2 


51 


RR 


0 


26 


RR 


2 


12 


RR 


0 

“T 


68 


n 


6 


66 


II 


0 


10 


n 


0 


16 


II 


1 ^ 


15 


IR 


1 


11 


IR 


5 


31 


IR 


1; 


36 


IR 


2 

12 


17 


II 


13 


27 


II 


0 


31 


II 


3 


23 


II 


13 

“57 


35 


IR 


0 


U5 


IR 


k 


65 


IR 


0 


22 


IR 


0 

“HI 


128 


RR 


1 


38 


RR 


2 


32 


RR 


1 


k6 


RR 


6 

To 


79 




7k 


930 



PART n Jfean Errors to C'lteilon on Training, Transfer and Combined 
Training and Transfer Trials, Experinont I 
for the conditions of color relevance* 



Training 

Condition 


Errors 




Transfer 

Condition 


Combined 

Training & Transfer 


RR 


20.25 




IR 3.00 
II 9.25 


26.38 


IR 


31.62 




RR 1.00 
II 1.75 


33.00 


II 


55.13 




RR 1.00 
IR 2.25 


56.88 


PART ni 


Analyses of Variance 


of Training Errors, Experiment I 




Source 


df 




F 




Relevance 


2 


2,530.53 






Error 


21 


58U.87 






* P<.05 






PART IV 


Analysis of Variance of Transfer Error, 


Experiment I 




Source 


df 


VS 


F 



Training- 

Transfer 

Relevance 



5 



39.07 






PART V Ana2^is of Variance of Combined Errors on Training Task, 
Experiment I 



Source 


df 


HS 


F 




Training 


2 


2,058«88 


2.5U 




Error 


21 


807.07 







PART VI Newnian-Keiils Interval test cooparing differences in Total errors 
on Transfer tests for each Training-Test combination, Exper^jnsnt I 



IR-RR 

II-RR 

IR-II 

XI-IR 

RR-IR 

RB-II 



k 

IR-RR 



h 

IR-RR 



7 

IR-II 

3 

3 



10 

n-iR 

6 

6 

3 



12 

RR-IR 

8 

8 

Z 



37 

HR-II 

33 
33 
30 
27 
25 



** p-^.Ol 



%%%%% 



Appendix B 

Instructions in Experiment II 



1 Apparatus Set, Write Name, Condition, Slide #76, OFF , STOP, TRAIN. 

(IF E IS NOT READY ’♦I*!! explain what we are going to do in just a minute.”) 

WHEN £ IS READY ”You are going to learn which maps go with each of these 
~ countries. Since the names are a little hard to pronounce we are 
going to try to remember just the initial or first letter in each 
name. (POINTING TO THE NAME CARDS...) Please say the first letter 
in each name. (WAIT UNTIL THE CHILD SAYS «p« FOR POLAND.. .etc.) 

E LEAVES CHILD AND GOES TO CONSOLE *»You will first see the name of a 

"* country on the screen (TURN ON LCW > PWD) like this. (DISPLAY 
"EGYPT”) 

"Then you will see the map of that country like this. (PRESS ?WD 
AGAIN) 

REPEAT CONDITION ONLY "To help you remember the letter that goes with 
each map you are to say the letter when the map is on the screen 
like this. .."E"..."E"..."E«... etc. (ABCXJT ONE/SBCOID). Please 
say it loud enough so it will be received by the microphone. Try 
it now. (BE SURE S IS RESPONDING l/SEC.) 

STRATEGY CONDITION ONIY "To help you remember the letter that goes with 
each map you are to try to think of some way in which the map 
reminds you of the letter and say it loud enough so it will be 
received by this microphone. Say anything that helps you remember 
the letter that goes with the map even though it may seem too 
simple or even silly. Remember, as you think of something that 
might help you remember ifi^ich letter goes with the map be sure to 
say what the idea is. 

Try now to think of some way to remember that the letter E goes 
with this map of Egypt. Say it out loud when you think of it. 

(IF S CAN NOT THINK OF ANY WAY IN WHICH TO RELATE E AND EGYPT 
ASK "Is there aiything about the map that would help you remember 
that the map goes with "E". DO NOT SAY TO NOTICE OHE COLOR OR 
SHAPE, ETC. IF S CAN NOT THINK OF ANYl’HING SAY:) "You should 
try to think of s'ome way and you can say it the next time you 
see the map." — 

OBSERVE 

COLOR CONDITION ONLY "Notice that the map of Egypt is red/brown. Each 
map will be colored and this help you remember which letter 
goes with each map. 



IGNORE 

NO COLOR CONDITION ONLT “Notice that the map of Egypt is red/brown# 

Each map will be colored but you should try to learn to tell 
them apart without depending upon the color of the maps* 

(PRESS j™ OT) tape RECORDER 17/8, Volume to 2 (inner dial.) 

SUMMARY “Let*s make sure the instructions were clear* Please tell me 
now what you are to do* (CORRECT OR ADD ANYTKENQ NECESSARY* BE 
SURE THAT PRACTICE AND COLOR INSTRUCTIONS ARE CLE.AR.) HESS 
HIGH * RUN . 

TRAINING ONIY “Remember, say anything that helps you remember the 
letter that goes with each map* 

START PRESENTATIONS BE SURE PRACTICE IS OBSERVED* DO NOT PROCEED IF S 
IS NOT PRACTICING* 

ON TEST “Now tell me the letter for each map* At first you may not 
know which letter goes with which map, but you will soon leain* 
Tiy to guess even if you are not sure at first which letter goes 
with each map* 

REPEAT CONDITION ONLY “Now repeat out loud the letter several times when 
the map is on. 

STRATEGY CONDITION ONLY “Now try to think of some way that the map 
reminds you of a letter and say it out loud* 



Appendix E 



Number of Errors for Each Subject on Training 
and Transfer Tasks for Experiment II 



S No. 


Instruction 
& Practice 
Condition 


Color Con- 
dition in 
Training 


Train- 

ing 

Errors 


Color Con- 
dition in 
Transfer 


Transfer 

Errors 


Total 

Errors 


1 


0 


R 


n 


25 


RR 


0 


25 


2 


0 


R 


n 


U3 


RR 


0 


U3 


3 


0 


R 


n 


31 


IR 


0 


31 


k 


0 


R 


II 


17 


IR 


0 


17 




0 


R 


n 


57 


II 


0 


57 


6 


0 


R 


II 


61 


II 


0 


61 














0 




7 

o 


0 


R 


IR 


2lt 


RR 


0 


2it 


8 


0 


R 


IR 


19 


RR 


1 


20 


9 


C 


R 


IR 


50 


IR 


2 


52 


10 


0 


R 


IR 


16 


IR 


0 


16 


11 


0 


R 


IR 


23 


II 


2 


25 


12 


0 


R 


IR 


21 


II 


0 


21 










153 








13 


0 


R 


RR 


16 


RR 


0 


16 


lit 


0 


R 


HR 


7 


RR 


0 


7 


15 


0 


R 


RR 


U 


IR 


2 


6 


16 


0 


R 


RR 


10 


IR 


10 


20 


17 


0 


R 


RR 


11 


U 


It 


15 


18 


0 


R 


RR 


10 


11 


2 


12 










58 
















m 








19 


0 


S 


II 


12 


RR 


1 


13 


20 


0 


S 


II 


13 


RR 


0 


13 


21 


0 


S 


II 


15 


IR 


0 


15 


22 


0 


S 


II 


lit 


IR 


0 


Ht 


23 


0 


S 


II 


61 


II 


0 


6l 


2k 


0 


S 


II 


it5 


n 


2 


hi 










T5o 




3 




25 


0 


• 

a 


IR 


23 


RR 


0 


23 


26 


0 


s 


IR 


37 


RR 


0 


37 


27 


0 


s 


IR 


5 


IR 


0 


5 


28 


0 


s 


IR 


12 


IR 


0 


12 


29 


0 


s 


IR 


26 


II 


0 


26 


30 


0 


s 


IR 


7 


II 


0 


7 










*TIo 




0 


1 



I 



S No* 


Instruction 
& Practice 
Cimdition 


Color Con- 
dition in 
Training 


Train- 

ing 

Errors 


Color Con- 
dition in 
Transfer 


Transfer 

Errors 


Total 

Errors 


31 


0 


S 


RR 


17 


RR 


0 


17 


32 


0 


S 


RR 


19 


RR 


0 


19 


33 


0 


S 


RR 


5 


IR 


0 


5 


3h 


0 


S 


RR 


0 


IR 


5 


5 


35 


0 


s 


RR 


6 


n 


0 


6 


36 


0 


s 


RR 


5 

55 


II 


1 


6 



3 ^ 



37 


I 


R 


II 


7 


RR 


0 


7 


38 


I 


R 


II 


11 


RR 


0 


U 


39 


I 


R 


II 


h 


IR 


0 




UO 


I 


R 


II 


8 


IR 


0 


8 


kl 


I 


E 


II 


5 


n 


0 


5 


h2 


I 


R 


II 


17 


II 


1 


18 










52 




1 




h3 


I 


R 


IR 


m 


RR 


0 


Ih 


liU 


I 


R 


IR 


52 


RR 


0 


52 


U5 


I 


R 


IR 


23 


IR 


0 


23 


h6 


I 


R 


IR 


12 


IR 


0 


12 


hi 


I 


R 


IR 




II 


0 


U 


U8 


I 


R 


IR 


8 


n 


0 


8 










120 




0 




k9 


I 


R 


RR 


7 


RR 


0 


7 


50 


I 


R 


RR 


5 


RR 


0 


5 


51 


I 


R 


RR 


17 


IR 


8 


25 


52 


I 


R 


RR 


11 


IR 


5 


16 


53 


I 


R 


RR 


6 


II 


1 


7 


5U 


I 


R 


RR 


U 


II 


0 


h 










— 5^ 




“nr 












1?2 








55 


I 


S 


II 


11 


RR 


0 


U 


56 


I 


S 


II 


37 


RR 


1 


38 


57 


I 


S 


II 


6 


IR 


0 


6 


58 


I 


S 


II 


13 


IR 


0 


13 


59 


I 


S 


il 


37 


II 


0 


37 


60 


I 


s 


II 


3 


II 


0 

“nr 


3 


61 


I 


s 


IR 


9 


RR 


7 


16 


62 


I 


s 


IR 


U 


RR 


0 


h 


63 


I 


s 


IR 


U8 


IR 


0 


U8 


6k 


I 


s 


IR 


39 


IR 


0 


39 


65 


I 


s 


IR 


22 


II 


0 


22 


66 


I 


s 


IR 


7 

129 


II 


7 

IS 


Ih 



57 



j 



ERIC 



s 


Instruction 
& Practice 
Condition 


Color Con- 
dition in 
Training 


Train- 

ing 

Errors 


Color Con- 
dition in 
Transfer 


Transfer 

Errors 


Total 

Errors 


6/ 


I 


S 


RR 


k 


RR 


1 


5 


68 


I 


s 


RR 


17 


RR 


0 


17 


69 


I 


s 


RR 


15 


IR 


0 


15 


70 


I 


s 


RR 


3 


IR 


18 


21 


71 


I 


s 


RR 


lU 


n 


1 


15 


72 


I 


s 


RR 


2 

5 ^ 


II 


ii: 

“IT 


13 



Note: Instructional conditions. Observe (0) and Ignore (l) and practice 
conditions. Repeat (R) and Strategy (S) are identified for each S 
as are the color relevance conditions, irrelevant independent (]J) 
irrelevant redundant (IR) and relevant redundant (RR) for both 
training and transfer. 



Appendix F 



PART I Analysis of Variance of Errors on Training Task, Experiment n 



Source 


SS 


df 


16 


F 




C (Color relevance) 


2,835.20 


2 


11*17.60 


8.2H«- 




I (instructions) 


896.06 


1 


896.06 


5 . 19 * 




P (Practice response) 


1 * 0.51 


1 


1*0.51 


.23 




Cxi 


l,l*ll *.90 


2 


707.09 


U.io* 




C X P 


22.75 


2 


11.37 


.07 




I X P 


5 U .99 


1 


511.99 


2.97 




C X P X I 


299.08 


2 


11 * 9 . 51 * 


00 

• 




error 


10 , 356.67 


60 


172.61 







$9 

o 

ERIC 



PART II Analysis of Variance of Errors on Transfer Taslc^ Experinent II 



Source 


SS 


df 


MS 


F 


I (Instructions) 


11.71 


1 


11.71 


1. 


(Training color) 


9U.31* 


2 


U7.17 


5.29*» 


P (Practice response) 


U.02 


1 


U.02 




Cg (Transfer color) 


31.75 


2 


15.88 


1.78 


I X Cl 


10.08 


2 


5.0U 




I X P 


28.09 


1 


28.09 


3.13 


Cl X P 


.77 


2 


.39 




C 2 X I 


Ji9 


2 


.25 






17l*.75 


h 


U3.69 


l*.90*Ht 


Cg X P 


6.02 


2 


3.01 




Cl X P X I 


21.37 


2 


10.68 


1.89 


C 2 X Cl X I 


la.39 


h 


10.69 


1.90 


Cg X P X I 


3.69 


2 


1.85 




C 2 X Cl X P 


9.85 


h 


2.U6 




Cg X Cl X P X I 


11.32 


h 


2.83 




error 


321.0U 


36 


8.92 





60 




PAPT ni Analysis of Variance of Errors on Training Task and Transfer 
Task Combined 



Source 


SS 


df 




F 


(Training color) 


1900.20 


2 


950.10 


7 .U 7 »» 


I (Instructions) 


703.06 


1 


703.06 




R (Practice response) 


19.02 


1 


19.02 




Cg (Transfer color) 


122.70 


2 


61.35 




C2 X I 


1000.82 


2 


5oo.ld 


3 . 9 U 


I X P 


780.19 


1 


780.19 


6.IU* 


I X 


1629.32 


2 


8 lii .66 


6.UHHt 


Cl X R 


18.35 


2 


9.18 




Cl X C2 


2118U.01 


h 


621.00 


U.88*» 


R X C2 


l(U.llt 


2 


22.07 




Cl X I X R 


i58.ca 


2 


79.01 




Cl X I X Cg 


805 .U 2 


h 


201.35 


1.58 


Cl X R X C2 


19U.08 


h 


U8.52 




I X P X C2 


369.2U 


2 


18 U .62 


1 .U 5 


Cl X C2 X I X P 


1597.70 


h 


399 .U 3 


3.1h* 


error 


U 577.50 


36 


127.15 





61 



o 



Appendix G 

Instructions Used in Ezperinent HI 



Firsts each subject was presented with a card with five colored 
circles on it and was asked to identify each of the five colors* The 
purpose of this procedure was to detect ai^y possible color blindness 
in potential subjects. (No subject had to be rejected for this reason.) 
Then the subject was given five cards with a word (in a single instance^ 
two words) written rn each. These words comprised the practice- 
strategies. The five practice-strategies which had common initial 
letters with the appropriate responses were "ear" (Ecuador), "rubber 
boot" (Romania), "banner" (Bulgaria), "patch" (Poland, and "spear" 
(Surinam). The instructions at this point were as follows: "Nould 

70U pronounce the words on these cards and tell ms what you think each 
one means?" The only word in this group which caused subjects diffi- 
cullgr was "banner." When this difficulty was encountered, the 
(experimenter) helped the subject arrive at a meaning* The £ would 
first remind the S that the word "banner" was in the title of our 
national anthem. If the S still could not give a meaning for the word, 
the E would supply the meaning, referring to a synonym, flag. The same 
procedure was followed with the subjects who worked with practice - 
strategies which did not have common initial letters with the appropri- 
ate responses. Those five practice-strategies were "mitten" (Ecuador), 
"overshoe" (Romania), "flag" (Bulgaria), "lake" (Poland), and "arrowhead" 
(Surinam). When the subjects explained what a mitten was, the jS would 
ask what the difference was between a mitt^ and a glove if this dis- 
tinction was not made voluntarily. 

Each subject was then presented with a card which had the names 
of the five countries printed on it. The first letter (to become the 
S*s response) was underlined in each name. At this time the E said, 

"Here are the names of five countries. 1*11 pronounce them for you." 

The E pointed to each name as it was being pronounced. After the E 
had pronounced the names, he said to the subject, "You will notice that 
the first letter of each name is underlined. Will you say the first 
letter of each name as I point to it?" After the S had pronounced the 
five letters, the E stated, "We*U be working with those letters," 

The E then began to orient the S to the task he would be assigned. 

"On the screen in front of you, you will see first the name of a 
country, and then you will see a map of tiiat country. 

"Remember, you will see first the name of the coimtiy and then the 
map. Your task will be to remember only the first letter of the name for 
each map. After you have seen all the names and maps once, you will be 
tested to see how many correct letters you remember. You will see the 
maps only and not the names. Then, you will see the names along with 
the maps again," 




62 



The S was asked if he knew what a clue* was* In all instances the 
^*s answered in the affirmative. If a S volunteered a definition, he was 
permitted to present it. If not, the E said, "A clue is a hint which 
helps us solve a puzzle or a problem, isn*t it?" 

"To help you remember the correct letters, I will give you a 
different clue for each map* Please say each clue out loud while the map 
is the screen . Remember now, wait until the map appears on the screen 
Eefore you say the clue. 

"Try to remember your clues from tidal to trial; but I will help 
you remember them as long as you need such help* 

"Now let's take an example of a clue wo might use. Suppose that 
Mexico were a country which we wanted to lean * Your clue might be, 

*M — banana.' M is the letter we want to learn and banana is the clue 
to help us remember that the letter H and the map of Mexico go together* 
You know that a banana is curved like this . ^ere the E made a curved 
motion with his hand./ You may remember that the map of Mexico is also 
curved* /Sgain the E made a curved motion with his hand*/ You would 
repeat the clue twice while the map appears on the screen in front of you#" 

Ail subjects received the foregoing instructions. Groups A,B,E, 
and F were further instructed as follows: 

"Also as a part of your clue to the right name for a map, I want 
you to say out loud the color of each map as it appears* For example, 
you might say, 'M — yellow banana,' or 'M — green banana.'" 



Each subject was asked to re-state ttie essential of the instructions* 
The E prompted the S if necessary in stating principal parts of the in- 
structions. Very little pronpting was needed. The e^qpeiimental stimuli 
were then presented to the subject. 



*Ref erred to above as a practice-strategy* 



Appendix H 



Total ’Errors to Reach Criterion on Training Task 

E?q)eriment III 



Name Color 



N N 

Initial fetter Initial letter 



Grade 


I 




I 




I 




T 




level 


color 

relevance 


color 

relevance 


color 

relevance 


color 

relevance 




HR 


n 


RR 


n 


RR 


II 


RR 


II 


Uth 


6 


8 


9 


57 


3 


3 


5 


19 




5 


28 


26 


76 


1 


L 


33 


55 




10 


16 


8 


62 


11 


U 


1 


68 




11 


7 


Ih 


27 


7 


3U 


9 


36 




16 


15 


Uk 


27 


1 

1 


U 


1* 


17 




11 


20 


51 


ho 


3 


11 


1*9 


33 




5 


12 


12 


60 


1 


12 


<5 

U 


10 




15 


U2 


20 


57 


1 


u 


8 


12 




79 


iTO 




39C 


2ff 


'IS 


117 




3rd 


8 


28 


52 


Uo 


8 


18 


33 


25 




19 


25 


16 


69 


22 


5 


1*5 


1*1* 




22 


22 


17 


69 


9 


11 


32 


U5 




11 




U2 


68 


6 


_8 


U* 


19 




60 


79 


127 


2U6 


U5 


1*2 


15U 


133 
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Appendix I 



Analysis of Variance of Errors 
on Training in Experiment III 



Source of Variation 


df 


Mean Square 


F 


N (Color naming) 


1 


2,053.50 


n.52 


I (Initial letter) 


1 


10,837.50 


60.8l 


C (Color relevance) 


1 


3,775.0it 


21.18 


G (Grade level) 


1 


1,1*1*6.50 


8.12 


N X I 


1 


92.0k 


.52 


G X N 


1 


861*.00 


U.85 


I X C 


1 


1,176.00 


6.60 


C X N X I 


1 


1*25.01* 


2.38 


error 


87 


178.22 
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Appendix J 

lastrurtions for Experiment IV 



Yad will be shown a series of slides on the screen directly in 
front of you* You will notice (during training trials) that each shape 
is associated with a specific word# Your task is t.' leam this associ- 
ation and verbally respond to each shape with the word you believe is 
associated with it. 

There are eight different shapes but less than eight words. 
Therefore some of the words may be associated with more than one shape. 

You will notice that the shapes are colored^ but since the color 
will not always help you (on the test trial) you should tiy to concen- 
trate on the associated shapes and words. 



FOR CONFIRMATION GROUP ONLY - You will see the shape 
first ^d then the shape and word together (during the train- 
ing «rial). Before the word is added respond aloud with the 
word associated with that shape and guess at those you are 
not sure of. ^ 



You will first see some test slides to help you understand the 

task* 



Do you have any questions? 



TO BE SAID BEFORE TRAINING SLIDES - You are to study 
the slides now. 



TO BE SAID BEPX)RE TEST SLIDES - You are to respond now 
and guess at those you are not certain about. 



I 



Appendix K 

Stimulus Presentation Sequence 





Training trial slides (ordered by response) 
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trial 
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(ordered 


by response) 
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Appendix I« 

Instructions to the Subject 

Tou vill be shown a series of slides on the screen in front of 
70U» You will notice that each shape is associated with one number* 
Your task is to learn this association and verbally respond to each 
Shapt with the nuaber you believe is associated with it* 

There are eight different shapes as well as eight different 
numbers running from two through nine incliisive* Each shape and each 
number will appear only once on a given trail* 

You will see the shape alone first and then the shape and number 
together. After the first time through you are to respond aloud with 
the number you think is associated with the shape, before the number 
appears on the screen. Respond even if you are unsure of your answers. 

At some point during the experiment you will see some different 
slides which may or may not be similar to the other slides* You are to 
aamoeiate one of the numbers with these slides also* 



Do you have any questions? 
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OtatfAl ibcperiffltatal Dtslgn for Traialag Trials Idoatlfyiag 
Coll bj NiMbor (Niao Subjects per Cell) 
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Crlterioa level (L) 
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Appendix N 
Summary of Raw Data 
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Subject 


Cell ntniber 
(see 

Appendix C) 


Ntniber 

of 

trials 


695S (L) 


1009^ (L) 
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S (T) 
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E 


H 


£ 


H 


E 


H 
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Craftint Colors Used in Shape Relevant (R) Condition 

and Color (C) Test 



Red 


Color Match #58 


Blue 


Color Match #129 


Yellow 


Color Match #3 


Green 


Color Match #169 


Brown 


Color Vu #56 


Orange 


Color Match #23 


Purple 


Color Match #82 


Grey 


Color Vu #10 
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Appendix P 

Ntaa Niflibtr of Trials to Haneb Orltorlon Level for Subjects 
Qrotqped by Color (Cl)# Sbnpt (D), and 
Critorlon Lo^l (L) 







Ktaa nuBbsr 
of trials 
to eriterion 






• If 

100$K 6S% and 

loose 



Color relevance 
(CH) 



Shape discriainability Criterion level 
(D) (L) 
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Appendix Q 



Mean Nuiber of Errors on Shape Only (S) Transfer Test (1009$) 
for Two Levels of Color Belevance (CR), Three Levels of 
Shape I>i6criainablllty (D), Two Testing 
Criterion (L) and Two Levels of 
Shape Difficulty 



Mean number 
of errors 




M ■ ■ . i. ■ ■ I ■ 

Low Mixed High 
(LD) (HDLD) (HD) 




(R) (I) 



-H 1— 

loc^ 699^ 
and 
1009^ 




-H 1— 

Easy Hard 
(E) (H) 



Color 

relevance 

(CR) 



Shape Criterion 

discriminability level 
(D) (L) 



Shape 

difficulty 

(B-H) 



Appendix R 



Mean Number of Errors for Shape Only (S) Stimuli Transfer 
Test (1009$) for Three Levels of Shape Discriminability 
(D) and Two Levels of Color Relevance (CR) 



Mean number 
of errors 
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2.2 .. 
2.0 
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Low (LD) 
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Mixed (HDLD) 



— H 

High (HD) 



Shape discriminability 
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Appendix S 



Mean Number of Errors on Shape and Color Stimuli Transfer Test 
for Two Levels of Criterion (L), Three Levels of Shape 
Discriminability (D', Two Levels of Test (T), and 
Two Levels of Siiape Difficulty (E-H) 



Mean number 
of errors 
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(LD) (HDLD)fHD) 



I 




Shape Color 
(S) (C) 
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level 

(L) 



Shape 

discriminability 

(D) 



Test 

(T) 



Shape 

difficulty 

CE-H) 
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Appendix T 

Analysis of Variance of Number of Trials to Reach lOOJI^ Criterion 
as a Function of Color Relerance (CR), Shape Dlscriminability 

(D), and Criterion Level (L) 



Source df MS 



Color relevance (CR) 

Shape dlscriminability (D) 
Criterion level (L) 

CR X D 
CR X L 



D X L 

CR X D X L 
Error 




685.0370^ 

937.33333 

40.33333 

343.81481 
23.14813 
48.44444 

37.81481 

4475.33334 



14.69467*** 
20 , 10666 *** 
< 1 

7.37514** 

<1 

1.03917 

.81116 




**P < .01 



***p < .001 
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Analysis of Variance of Errors on Siiape (S) Transfer Test (100515) 
as a Function of Color Relevance (CR), Shape Discriminability 
(D), Criterion Level (L), and Shape 
Difficulty (E-H) 



Source 


df 


MS 


F 


BETWEEN Ss 

Color relevance (CR) 


1 


75.85185 


114.37423*** 


Shape discriminability (D) 


2 


27.92130 


42.10150*** 


Criterion level (L) 


1 


7.^0741 


11.16936** 


CR X D 


2 


9.75463 


14.70865*** 


CR X L 


1 


1.5000 


2.26179 


D X L 


2 


.3241 


<1 


CR X D X L 


2 


.01389 


<1 


Error (b) 


96 


.66319 




WITHIN Ss 


Shape difficulty (E-H) 


1 


14.51852 


29.65505*** 


CR X E-H 


1 


6.68519 


13.65494*** 


D X E-H 


2 


7.22685 


14.76132*** 


L X E-H 


1 


.90741 


1.85344 


CR X D X E-H 


2 


3.78241 


7.72582** 


CR X L X E-H 


1 


.07407 


<1 


D X L X E-H 


2 


.72685 


1.48463 


CR X D X L X E-H 


2 


.17130 


<1 


Error (w x E-H) 


96 


.48958 





**p ^.Ol 
***p <*001 






Appendix V 



Analysis of Variance of Errors on Sliape (S) and Color (C) Transfer 
Test (1009^) as a Function of Shape Discriininability (D), 
Criterion Level (L), Test (T), and Shape 
Difficulty (E-H) 



Source 


df 


MS 


F 



BETWEEN Ss 



Sliape discriminability (D) 


2 


6.29167 


8.24034** 


Criterion level (L) 


1 


16» 66667 


21.82872*** 


D X L 


2 


.09722 


<1 


Error (b) 


48 


.76352 




WITHIN Ss 


Test (T) 


1 


16.66667 


25.04383*** 


D X T 


2 


7.29167 


10.95667*** 


L X T 


1 


1.18519 


1.78090 


D X L X T 


2 


.06019 


<1 


Error (w) 


48 


♦66550 




Shape difficulty (E-H) 


1 


4.16667 


3-30580 


D X E-H 


2 


34.76389 


27.38141*** 


L X E-H 


1 


.01852 


<1 


D X L X E-H 


2 


.14352 


<1 


Error (w) 


48 


1.26041 




T X E-H 


1 


5.35185 


8.21024** 


D X T X E-H 


2 


3.78241 


5.81077** 


L X T X E-H 


1 


• 16667 


< 1 


D X L X T X E-H 


2 


1.01389 


1.55045 


Error (w x T x E-H) 


48 


-65393 



*P < .05 

**p < ,01 
***p < ,001 
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Appendix W 

Analysis of Variance of Errors on Shape (S) and Color (C) 
Transfer Test (699^ for Conditions 2, 6, 10 and 1009^ for 
Conditions 1» 5i 9) slb a Function of Shape Discrimin* 
ability (D), Criterion Level (L), Test (T), and 
Shape Difficulty (E«H) 



Source 


df 


MS 


F 


BETWEEN Ss 


Shape (D) 


2 


4.19907 


3.51240* 


Test criterion (L) 


1 


2.89352 


2.42014 


D X L 


2 


.28241 


<1 


Error (b) 


48 


1.19560 


WITHIN Ss 


Test (S-C) 


1 


16^11574 


14.10679*** 


D X S—C 


2 


3.78241 


3.3109* 


L X S-C 


1 


1.33796 


1.17117 


D X L X S-C 


2 


1.9907 


1.04959 


Error (w x S-C) 


48 


1.14241 


Shape difficulty (E-H) 


1 


2.89352 


2.02758 


D X E-H 


2 


41.69907 


29.40968*** 


L X E-H 


1 


.22685 


<1 


D X L X E-H 


2 


1.11574 


<1 


Error (w x E-H) 


48 


1.42708 


S-C X E-H 


1 


2.04167 


2,74340 


D X S-C X E-H 


2 


3.43056 


4.60966 


L X S-C X E-H 


1 


.22685 


<1 


D X L X S-C X E-H 


2 


.69907 


<1 


Error (w x S-C x E-H) 


48 


.74421 



•P < .05 



***p < .001 
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Aiuilynis of Varianoe of Errors on S];iapo (S) and Color (C) 
Transfer Tost (699^ and 1009^) an n Fnnetlon of Shape 
IMlaarlaiaaWLlity (D), Critorlon Level (L), Test 
(T)f and Shape Difficulty (£»H) 



Source 


df 


MS 


F 


BETWEEN 


Shape (D) 


2 


5.*>7685 


3 . 3 oa? 


Error (b) 


24 


1.65856 




WITHIN Ss 


Criterion level (L) 


1 


39M907 


30.01075*** 


D X L 


2 




< 1 


Error (w x L) 


24 


1.U457 




Test {S^cy 


1 


8,56019 


6.84185* 


l>x M 


2 


3.16352 


2.51250 


Error (v x S*C) 


24 


1 . 25 U 3 




Shape difficulty (E*H) 


1 


2.66907 


1.61349 


0 X E-R 


2 


37.00663 


24.38686*** 


Error (w x D) 


24 


1.51760 




L X S-C 


1 


.00663 


<1 


D X L X S-*C 


2 


.72685 


.85442 


Error (w x L) 


24 


.85069 




L X E-H 


1 


.11576 


<1 


D X L X E-H 


2 


1.58796 


1.76577 


Error (w x L) 


24 


.89930 




S-C X E-H 


1 


3.37500 


4.76a7* 


D X S-C X E-H 


2 


2.37500 


3.35U5* 


Error (w x S-C) 


24 


.70871 




L X S-C X E-H 


1 


.78261 


.78514 


D X L X S-C X E-H 


2 


.08796 


<1 


Error (v x L x S«C) 


24 


.99652 





•p < .05 

***p < .001 



62 



Appendix ? 



lUber of Correct Besponaes on the Color Test Only (C^)« Shape 
Teat Only (CS), Both Color and Shape Vest (CS), or Neither 
Teat (CS) for Sfi Trained Under Color Belerant 

Conditions 





Criterion 

69S6 


Lerel 


(L) 

10056 




Besponses correct 
CS CS CS ^ 


Besponses Correct 
CS CS CS ^ 


SUBJECTS TESTED AT 6956 AND 10056 
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2 


1 


1 


4 


2 


1 


7 


3 


0 


2 


3 


3 


1 


3 


1 


8 


3 


1 


2 


2 


3 


2 


1 


2 


9 


3 


0 


2 


3 


6 


0 


2 


0 


Mixed Shape Discriminability 
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High Shape Discriminability (HD) 
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Criterioi 


i level (L) 

100^ 


Responses correct 
CS CS CS ^ 


Responses correct 
CS CS CS CS 


^DBJiXJTS TESTED ONLY AT 100515 
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abstract 0Q2cr coded shapes were stimulus terms in a series of five paired- 
associate experiments. The degree of relevance of the color coding was an 
independent variable in each of the studies. Chile- ren averaging ten years of age 
were Ss in the first three experiments and college students were Ss in the last 
two. In one or more of the experiments practice conditions were varied by imposing 
differing requirements of color or shape naming during practice, varying the length 
of anticipation interval, varying the color relevance and temporal location of the 
test trial and varjdng the instructions regarding the potential relevance of color. 
The stimuli were varied with respect to inter- and intra-life differences in 
discriminability and meaningfulness of shapes. Relevant color was found to 
facilitate acquisition to the compound stimul.us in general and irrelevant, noisy 
color component was obtained. The degree of color selection was affected by the 
discriminability of the shape con^onent, color relevance on test trials, instruc- 
tions regardiiig color relevance and age of S. Selection of color cues was only 
partial and shape cues were also conditioned. Iftider appropriate conditions 
relevant color coding during training facilitated performance on transfer with 
only thft shape components. The results were discussed in terns of S-R and 
hypothesis testing learning models and in terms of cognitive development of 
children. The results support the assumption that color coding effects may be 
interfering or facilitating depending upon factors other than the visual display 
characteristics and further that procedures assuring facilitation witti children 
may be inappropriate with adults. 



